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Antiparasitic avermectin and 
milbemycin derivatives of formula 
(I) wherein the broken lines represent 
independently optional bonds, R 1 and 
R 2 being absent when the C22-C23 
double bond is present, R 1 , R 2 , R 6 are 
independently H, OH, halo, oximino 
or an organic radical, R 4 and R 5 
organic radicals, R 3 is H or an organic 
radical, and A and B may be a wide 
variety of substituents, are prepared 
by reacting a compound of formula (I) 
in which A is an optionally substituted 
hydrazone group with an electrophilic 
species to effect substitution at 
the 3-position, followed by further 
synthetic steps if necessary. 
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ANTIPARASITIC AGENTS 
This invention relates to antiparasitic agents and in particular to 
5 compounds related to the avermectins and milbemycins but having substituents at 
the 3-position. 

Si The avermectins are a group of broad-spectrum antiparasitic agents 

referred to previously as the C-076 compounds. They are produced by 
fermenting a certain strain of microorganism Streptomvces avermitilis in an 

io aqueous nutrient medium. The preparation and structure of these compounds 
obtained by fermentation are described in British Patent Specification 1573955. 
The milbemycins are structurally related macrolide antibiotics lacking the sugar 
residues at the 1 3-position. They may be produced by fermentation, for example 
as described in British Patent Specification No. 1390336 and European Patent 

15 Specification No. 0170006. 

In addition to these fermentation-derived products, a large number of 
publications describe compounds derived semisynthetically from these products, 
many of which possess useful antiparasitic properties. Some of this chemistry is 
reviewed in Macrolide Antibiotics. Omura S., Ed., Academic Press, New York 

20 (1984) and by Davies, H.G. and Green, R.H. in Natural Product Reports (1986), 3, 
87-121 and in Chem. Soc. Rev. (1991), 20, 211-269 and 271-239. 

Compounds related to the original C-076 avermectins have also been 
prepared by fermentation of avermectin-producing micro-organisms'." For example 
European Patent Specifications 0214731 and 0317148 describe production of 

25 compounds related to the C-076 avermectins but having a different substituent at 
the 25-position by fermentation in the presence, in the fermentation medium, of 
certain acids. 

Other publications mentioning different combinations of substituents at 
various positions on the avermectin or milbemycin nucleus are 
r 3 0 EP-A-31 71 48, 340932, 355541 , 3501 87, 41 01 65, 259779 and 254583; DE-A- 
y 2329486 and GB-A-21 66436. 
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B.J. Banks, in Patent Application PCT/EP 93 00423, describes the 3- 
substituted avermectin and milbemycin derivatives, where there is a 3,4-double 
5 bond and no 5-substituent. 

The avermectins and milbemycins and their derivatives have the structure 




wherein the broken lines represent independently optional bonds, R 1 and R 2 being 
10 absent when the C22-C23 bond is present, R 1 , R 2 , R« and R 12 are independently 
H, OH, halo, oxo, oximino or an organic radical, R 4 and R 6 are organic radicals, 
and R 3 is H or an organic radical. 

These compounds include the avermectins themselves and their 
substituted derivatives in which R 6 is a 44a-L-oleandrosyl)-a-L-oleandrosyloxy 
15 group, optionally substituted at the 4" position; the avermectin monosaccharides 
and their derivatives in which R 6 is a-L-oleandrosyloxy, optionally substituted at 
the 4' position; the avermectin aglycones and their derivatives in which R 6 is OH 
or a substituent other than oleandrosyl replacing this group, and the milbemycins 
and their derivatives in which R 6 is H. 
2 o All the avermectins and structurally related milbemycins and their 

derivatives hitherto reported do not have a substituent at the 3-position when the 
double bond is in the C3-C4 position and with a 5-substituent, neither has any 
process capable of producing such compounds been reported. 
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lt has now been discovered that avermectin and milbemycin derivatives 
having a wide range of substituents at the 3-position may be prepared and that 
5 some of these compounds have outstanding antiparasitic properties. 
Compounds of the invention are of formula (I): 




(0 

wherein the broken lines represent independently optional bonds, R 1 and R 2 being 
absent when the C22-C23 double bond is present, R 1 , R 2 , R 6 are independently H, 
OH, halo, oxo, oximino, or an organic radical, R 4 and R 5 are organic radicals, R 3 is 
H or an organic radical, 

A is OH, halo, C,-Ce alkoxy, C,-C s alkanoyloxy, oxo, or oximino optionally 
substituted by a d-C e alkyl, alkenyl, alkynyl, aryl, trialkylsilyl, aralkyl, d-C 8 
alkanoyl group or other group capable of being hydrolysed in vivo to the oxime, or 
hydrazono optionally substituted by at least one C,-C e alkyl, alkenyl, alkynyl, aryl, 
trialkylsilyl, aralkyl, C 2 -C 9 alkoxycarbonyl, carbamoyl, thiocarbamoyl, aroyl or C- ' 
C9 alkanoyl group: 

B is halo, d-Ca alkyl, C 2 -C 8 alkenyl, C 2 -C 8 alkynyl, aryl, heteroaryl, d-C e 
alkanoyl, d-C 8 alkoxy, d-C 9 alkanoyloxy, C 2 -C 9 alkoxycarbonyl, carboxy, 
arylcarbonyl, heteroaryl-carbonyl, mercapto, alkylthio, alkenyithio, arylthio, 
alkanoylthio, heteroarylthio, nitro, haloalkyl such as trifluoromethyl, hydroxyalkyl, 
alkoxyalkyl, mercaptoalkyl, alkylthio-alkyl, aminoalkyl optionally N-mono- or 
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disubstituted by c,-C a alkyl, c,-C alkenyl, C,-C 8 alkynyl, d-C 8 alkanoyl, aryl, 
heteroaryl, C 2 -C 9 alkoxycarbonyl, carboxy, arylcarbonyl, or by heteroarylcarbonyl, 
or B is hydroseleno, alkylseleno, arylseleno, heteroarylseleno, azido, or a cyclic 
ether group having up to 8 carbon atoms, 

said group optionally being substituted by at least one substituent selected from 
cyano, d-C 8 alkoxy, C,-C 8 hydroxyalkyl, d-C 9 alkoxycarbonyl, aminocarbonyl, 
C,-C 9 alkanoyl, arylcarbonyl, heteroarylcarbonyl, halo, haloalkyl and 
trialkylsilyloxyalkyl. 

Compounds according to the invention include those in which the C5-A and 
C22-C23 optional bonds are independently present and those in which these 
optional bonds are independently absent (i.e. a single bond); R 2 is H, OH, d-C 8 
alkoxy optionally substituted by halo or by Cl -C 4 alkoxy, C 2 -C 6 alkanoyl, C 2 -C 6 
alkoxycarbonyl, carboxy, mercapto or by aryl, or R 2 is C 3 -C e alkenyloxy, C 2 -C 9 
alkylcarbonyloxy or C 3 -C 8 alkenylcarbonyloxy, arylcarbonyl or carbamoyl 
optionally substituted by a Cl -C 9 alkyl group, or R 2 is attached to the remainder of 
the molecule by a double bond and is oxo or oximino optionally O-substituted by a 
C,-C e alkyl, alkenyl, alkynyl, trialkylsilyl, aryl or aralkyl group, or is methylene 
optionally substituted by a cyano or Cl -C 9 alkyl group; R 1 is H, OH or CVC 8 alkoxy 
or d-C. alkanoyloxy, or is attached to the remainder of the molecule by a double 
bond and is =CH 2 , oxo or oximino optionally substituted as above 
R 4 may be 

(a) an alpha-branched C 3 -C 8 alkyl, alkenyl (including but-2-enyl, pent-2-enyl, 
and 4-methylpent-2-enyl), alkoxy-alkyl, or alkylthioalkyl group; an alpha- 
branched C 4 -C 8 alkynyl group; a (C 4 -C 8 )cycloalkyl-alkyl group wherein the 
alkyl group is an alpha-branched C 2 -C 5 alkyl group; a C 3 -C 8 cycloalkyl or 
C 5 -C 8 cycloalkenyl group, either of which may optionally be substituted by 
methylene or one or more d-C 4 alkyl groups or halo atoms; or a 3 to 6 
membered oxygen or sulphur containing heterocyclic ring which may be 
saturated, or fully or partially unsaturated and which may optionally be 
substituted by one or more d-C 4 alkyl groups or halo atoms; or 
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a group of the formula -CH 2 R 8 wherein R 8 is H, C,-C 8 alkyl, C 2 -C e alkenyl, 
C 2 -C 8 alkynyl, alkoxyalkyl or alkylthioalkyl containing from 1 to 6 carbon 
atoms in each alkyl or alkoxy group, wherein any of said alkyl, alkoxy, 
alkenyl or alkynyl groups may be substituted by one or more halo atoms; or 
a C 3 -C 8 cycloalkyl or C 5 -C 8 cycloalkenyl group, either of which may 
optionally be substituted by methylene or one or 
more d-d alkyl groups or halo atoms; or a 3 to 6 membered oxygen or 
sulphur containing heterocyclic ring which may be saturated, or partially 
unsaturated and which may optionally be substituted by one or more d-d 
alkyl groups or halo atoms; or a group of the formula SR 9 wherein R 9 is d- 
C e alkyl, C 2 -C 8 alkenyl, C 3 -C e alkynyl, C 3 -C 8 cycloalkyl, Cs-C 8 cycloalkenyl, 
Phenyl or substituted phenyl wherein the substituent is d-d alkyl, C,-C 4 ' 
alkoxy or halo; or a 3 to 6 membered oxygen or sulphur containing 
heterocylic ring which may be saturated, or fully or partially unsaturated 
and which may optionally be substituted by one or more C,-C 4 alkyl groups 
or halo atoms; or 

(c) a Ci-C 6 alkyl group substituted by one oxo or one or more hydroxy groups 
or by a single oxygen atom on two adjacent carbon atoms forming an 
oxirane ring, or R 4 is a C,-C 5 alkyl group substituted by a (d-d) alkoxy- 
carbonyl group, said substituents on R, being attached to either or both of 
a terminal carbon atom and a carbon atom adjacent a terminal carbon atom 
of R 4 ; or 

(d) = CH 2 or a group of the formula: 

RIO 

"(X) -CHRU 

wherein R 10 and R 11 are both H; R 10 is H and R 11 is d-d alkyl, or one of 
R 10 and R 11 is H and the other is phenyl, heteroaryl, C 2 -C 6 alkoxycarbonyl 
or substituted phenyl or heteroaryl wherein said substituent is fluorine, 
chlorine, d-d alkyl, d-C 4 alkoxy, d-d alkylthio, hydroxy(d-C 4 )alkyl, 
cyano, aminosulphonyl, C 2 -C 6 alkanoyl, d-C 6 alkoxycarbonyl, nitro, 
trifluoromethyl, trifiuoromethoxy, amino or mono or di(d-d) alkylamino; 
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and X is a direct bond or is an alkylene group having from 2 to 6 carbon 

atoms which may be straight or branched-chain; or 
(e) phenyl which may optionally be substituted with at least one substituent 
selected from d-C 4 alkyl, C,-C 4 alkylthio groups, halo atoms, 
trifluoromethyl, and cyano; 
or R 4 may be a group of formula (II): 

(C^)A(CH 2 )/ Z 

wherein Z is O, S or -CH 2 - and a, b, c and d may each independently be 0, 
1 or 2; the sum of a, b, c, and d not exceeding 5. 

R 6 may be hydrogen, hydroxy, C,-C 8 alkoxy or alkenoxy, C,-C 9 alkanoyloxy 
oralkenoyloxy, aroyloxy, oxymethyleneoxyKC^C^alkyloxy-fd-C^alkyl, 
halogen, oxo, or optionally substituted oximino, hydrazono, carbazido or 
semicarbazido, N-(d-C 4 )alkyl semicarbazido, N.N-difd- 
C 4 )alkylsemicarbazido, Cl -C 6 alkanoylhydrazido, benzoylhydrazido or (C,- 
C 4 )alkyl benzoylhydrazido; or R 6 may be a group capable of being 
hydrolysed in vivo to give OH; or R 6 may be 




or 




H 3 CO H3CO j^CO' 

wherein R 7 is attached to C-4" or C-4' by a single bond and is hydroxy, Cl - 
C 9 alkanoyloxy oralkenoyloxy, aroyloxy, d-Ce alkoxy, amino, N-(d- 
C 8 )alkylamino, N.N-dKd-C^alkylamino, N-fd-CsJalkanoylamino, or 
N,N-di(C 1 -C 9 )alkanoylamino; 

or R 7 is attached to C-4" or C-4' by a double bond and is oxo, optionally 
substituted oximino, semicarbazido, NKd-C^alkylsemicarbazido, N,N- 
diXd-Oalkylsemicarbazido, (C^C^alkanoylhydrazido, benzoylhydrazido, 
or (Ci-C 4 )alkylbenzoylhydrazido; 
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or R 7 is a group capable of being hydrolysed in vivo to give OH. 
R 3 may be H or d-C 6 alkyl 
5 R 5 may be methyl, hydroxymethyl, (Ci-C 4 alkoxy)-methyl, (C 2 -C 5 alkanoyl) 

oxymethyl, (C 2 -C 5 alkenoyl)-oxymethyl, aroyloxymethyl, 
aralkanoyloxymethyl, formyl.optionally substituted oximino, halomethyl, 
azidomethyl or cyanomethyl. 

Compounds of the invention include those in which R 2 is H, OH, 0-(d- 
) C 4 )alkyl, 0-(Ci-C 6 )alkanoyl, oxo and oximino optionally substituted by d-C 4 alkyl 
or aryl(C,-C 4 )aikyl; those in which R 4 is straight or branched-chain alkyl, alkenyl, 
cycloalkyl or cycloalkenyl (including methyl, ethyl, 2-propyl, 2-butyl, 2-buten-2-yl, 
2-penten-2-yl, 4-methyl-2-penten-2-yl and cyclohexyl); those in which R 1 is H, OH, 
oxo or oximino; and those in which R 6 is H or is of formula:- 





-O — or R7=(4< ) — o — 
H 3 CO' H 3 CO' H3CO' 

where R 7 is OH, (d-OOalkoxy, (C 2 -C 6 ) alkanoyloxy, amino, NKd-GOalkylamino, 
N-Cd-CBjalkanoylamino, oxo or oximino optionally substituted by a C,-C 4 alkyl 
group. 

In preferred compounds of the invention B is halo (such as chforo, bromo 
or iodo), alkyl, alkoxyalkyl, acylalkenyl or acyl; 

A is hydroxy or oximino; R 6 is H, OH, a -L - oleandroxyloxy or 4 1 - (a - L - 
oleandrosyl) - a - L - oleandrosyloxy; R 1 is H and R 2 is H, OH, or methoxy, or R 1 
and R 2 are both absent and the C22-C23 bond is single or double. 
Particular compounds are identfied in the Examples below. 

In all the above definitions, unless the context requires otherwise, alkyl 
groups containing 3 or more carbon atoms may be straight or branched-chain; 
halo means fiuoro, chloro, bromo or iodo; alkenyl groups containing 3 or more 
carbon atoms may be straight or branched-chain, optionally substituted by one or 
more functional groups including cyano, alkoxycarbonyl, aminocarbonyl, alkanoyl, 
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arylcarbonyl, heteroaryl-carbonyl, halo, haloalkyl such as trifluoromethyl, alkynyl 
groups containing 3 or more carbon atoms may be straight or branched-chain, 
5 optionally substituted by one or more functional groups including cyano, alkoxy- 
carbonyl, aminocarbonyl, alkanoyl, arylcarbonyl, heteroarylcarbonyl, halo, 
haloalkyl such as trifluoromethyl; aryl means phenyl optionally substituted by one 
or more C,-C 4 alkyl, d-C 4 alkoxy groups, nitro groups or halo atoms; and 
heteroaryl means aromatic heterocycle optionally substituted by one or more d- 
) C 4 alkyl or d-C 4 alkoxy groups, nitro groups or halo atoms. 

Compounds of the invention include avermectins and corresponding 
monosaccharides and aglycones, and milbemycins. 

It will be understood that the compounds of the invention include several 
asymmetric centres and accordingly may exist as several pairs of stereoisomers 
The .nvention includes all such stereoisomers, whether separated or not. 

Compounds of formula (I) as defined above may be made by a method 
which comprises: 

(a) allowing a compound of formula (I) but in which B is H and A is = O to react 
with hydrazine optionally substituted by at least one C,-C 8 alkyl, alkenyl, aryl, 
trialkylsilyl, aralkyl, d-C 9 alkoxycarbonyl, carbamoyl, 

thiocarbamoyl, aroyl or d-C 8 alkanoyl group to yield a compound of formula (I) in 
which A is optionally substituted hydrazono, 

(b) allowing the hydrazone so obtained to react with a source of electrophilic 

species E® where E® is CI®, Br® I® NO,® Ar<?® nr ArQ Q ® a • 

' ■ 1 • ,NU 2 , Mrs or Arse where Ar is an aryl group 

or E® is an iminium ion to yield a compound of formula (I) in which B is CI, Br, I, 
N0 2 ,ArS, ArSe or an optionally substituted aminoalkyl group respectively, 

(c) if desired, allowing the compound produced from (b) in which B is CI, Br or 
I to react with a stannane comprising an optionally substituted alkyl, alkenyl, 
alkynyl, aryl or heterocyclic substituent, in the presence of a catalyst such as 
triphenylphosphine palladium, to give a compound of formula (I) in which B is an 
optionally substituted alkyl, alkenyl, alkynyl, aryl or heterocyclic substituent 
respectively, 

(d) if desired, allowing the compound produced from (b) in which B is CI, Br or 
I to react with an azide to produce a compound of formula (I) in which B is N 3 , 
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(e) if desired, oxidising a compound from (c) in which B is alkenyl to produce a 
compound of formula (I) in which B is a cyclic ether group, 

(f) if desired , treating a compound from (b) in which B is ArS or ArSe with a 
thiol or hydroselenide other than ArSH or ArSeH to produce a compound of 
formula (I) in which B is a mercapto or hydroselenide group, and if desired 
allowing the product to react with an alkyl, alkenyl, aryl, alkanoyl or heteroaryl 
halide. 

When the electrophilic species is CI® the source thereof may be N- 
chlorosuccinimide or N-chlorobenzotriazole. N-iodosuccinimide and N- 
bromosuccinimide are possible sources of I® and Br* respectively and 
tetranitromethane of N0 2 ®. Dinitrophenylsulphenyl chloride may be used as the 
source of ArS®, and N-phenylselenophthalimide for ArSe®. The aminoalkyl group 
may be derived from Eschenmoser's salt (Me 2 N-CH 2 ® CI®). 

Methods of preparation of compounds of the invention are exemplified in 
Schemes I and II below, where "E + " is an electrophile, "NT" is a nucleophile and Y 
is an organic radical. A wide variety of compounds is thus accessible. 

No such chemistry has been reported in the structurally complex 
avermectin and milbemycin field. 

In Scheme I, the 5-ketone is converted to the hydrazone (III) using 1,1- 
dimethylhydrazine, for example in dichloromethane under acidic conditions. 
Other hydrazines with an unsubstituted terminus may be used in place of 1 ,1- 
dimethylhydrazine to produce other substituted hydrazones. Compound (III) may 
then be reacted with an electrophile E + , such as Cf (from N-chlorosuccinimide, in 
acetonitrile for example), to give compounds of formula (IV). 

The hydrazone moiety may be further manipulated, for example as shown 
in Scheme II, into either a ketone (for example by acid-catalysed hydrolysis), an 
oxime (for example by reaction with hydroxylammonium chloride in a mixed 
solvent), or an alcohol (for example vja a ketone produced by reaction with copper 
(II) acetate in aqueous acetic acid, followed by reaction with sodium borohydride 
in methanol). 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



^1 ?o 




- 10 - 
SCHEME I 

H 2 NNCCH 3 ) 2 



aR 12 = 0 ,R^CH 3 ) 




(E = halo) 



N" 



VI 




E+ 



CH, 



NN(CH 3 )2 



IV 



Pd catalyst 
X 3 SnY 



(E=Br,I) 




CH 3 
NN(CH 3 ^ 

vn 
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SCHEME II 




NN(CH 3 )2 




(i) 



(ii) 
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n, A=NOH 



n, a=o 



n, A = OH 



(i) ^ro^lamn^ 

( ii) Acetic acid, tetrahydro&ran, water, sodium acetate 

<W (a) Copper (II) acetate, acetb ac*. water, (b) sodium bonrtxydrae, 



methanol 



SUbSTiTU I E SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



- 12- 



10 



15 



20 



25 



30 



In Scheme I, the "E" moiety of compound (V) may be displaced by a 
nucleophile "N"\ or an organic radical Y (for example, by the "Stille coupling", of a 
s 3-iodo compound of formula V with a vinylstannane, catalysed by a palladium (O) 
species, and in a solvent such as dimethylformamide), to give compounds of 
formula VI or VII. 

The starting materials of formula (I) comprising different combinations of 
substituents R'-R* and R 12 , may generally be made by methods known in the art 
and discussed in the above-mentioned publications. In particular, 5-ketones can 
be made from corresponding avermectins and milbemycins using manganese 
dioxide oxidations (see for example J.Aoric FonH ^ m m 981 ^ 884 _ 886) , t js 
believed that the above-described method of the invention is applicable to all 
starting compounds of formula (I) in which substituents R 1 -R 6 are compatible with 
the reagents used. However in some instances it may be necessary or desirable 
to replace some of the R 1 -R* substituents with other substituents after conversion 
of the formula (I) starting material to the 3-substituted compounds. For example, 
when a compound of formula (I) in which R 6 is 4 1 -(a- L - oleandrosyl) - cc - L 
oleandrosyloxy (i.e. a disaccharide) is obtained, it may be reduced to the 
monosaccharide (in which R 6 is a- L - oleandrosyloxy) or to the aglycone (in which 
R is -OH) by hydrolysis using an acid such as sulphuric acid. When R 1 and R 2 
are absent a double bond at the 22-23 position may be hydrogenated to produce 
a 22,23 - dihydro derivative in which R 1 and R 2 are both H. Other conversions of 
substituent groups R 1 -R 6 of the compounds of formula I as defined above may be 
performed by methods known in the avermectin and milbemycin art. 

The compounds of the invention are highly active antiparasitic agents. 
Thus the compounds are effective in treating a variety of conditions caused by 
ecto- and endoparasites including, in particular, fleas. The compounds are also 
of value in treating other ectoparasite infections including in particular arthropod 
ectoparasites of humans, animals and birds such as ticks, mites, lice, blowfly, 
biting insects and migrating dipterous larvae which can affect cattle and horses. 
The compounds can also be used to treat helminthiasis which is most frequently 
caused by a group of parasitic worms described as nematodes and which can 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



10 



- 13- 

cause severe economic losses in swine, sheep, horses and cattle as well as 
affecting domestic animals and poultry. The compounds are also effective against 
other nematodes which affect various species of animals including, for example, 
Dirofilaria in dogs and various parasites which can infect animals and humans 
including gastro-intestinal parasites such as Ancvlostoma Necator . Ascaris . 
Strongyloides , Trichinella, Toxocara. Capillaria . Trichuris . Enterobius and 
parasites which are found in the blood or other tissues and organs such as filiarial 
worms and the extra-intestinal stages of Stronovloides Trichinella and Toxocara . 

The compounds of formula (I) may be administered as a formulation 
appropriate to the specific use envisaged and to the particular species of host 
animal being treated and the parasite or insect involved. For use as an 
insecticide and for treating agricultural pests the compounds are applied as 
15 sprays, dusts, pour-on formulations, emulsions and the like in accordance with 
standard agricultural practice. 

For human use the compounds are administered as a pharmaceutical^ 
acceptable formulation in accordance with normal medical practice. 

The compounds are also useful against insect pests of stored grains such 
20 as Jribolium sp., Tenebrjo sp., and of agricultural plants such as spider mites, 
(Tetranychus sp.) aphids, (Acyrthiosiphon sp.), against migratory orthopterans 
such as locusts and immature stages of insects living on plant tissue. The 
compounds are useful as nematocides for the control of soil nematodes and plant 
parasites such as Meloidoqyne sp. which may be of importance in agriculture. 
The compounds are active against other plant pests such as the southern army 
worm and Mexican bean beetle larvae. 

For use as insecticides the compounds are applied as sprays, dusts, 
emulsions, pour-on formulations and the like in accordance with standard 
veterinary practice. 

For use as an anthelmintic the compounds may be administered by 
injection, either subcutaneously or intramuscularly, alternatively they may be 
administered orally in the form of a capsule, bolus, tablet, chewable tablet or 
liquid drench, or they may be administered as a topical formulation or as an 
implant. For topical application dip, spray, powder, dust, pour-on, spot-on, jetting 
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fluid, shampoos, collar, tag or harness may be used. Such formulations are 
prepared in a conventional manner in accordance with standard veterinary 
5 practice. 

Thus capsules, boluses or tablets may be prepared by mixing the active 
ingredient with a suitable finely divided diluent or carrier, additionally containing a 
disintegrating agent and/or binder such as starch, lactose, talc, or magnesium 
stearate. A drench formulation may be prepared by dispersing the active 
10 ingredient in an aqueous solution together with dispersing or wetting agents and 
injectable formulations may be prepared in the form of a sterile solution or 
emulsion. Pour-on or spot-on formulations may be prepared by dissolving the 
active ingredient in an acceptable liquid carrier vehicle, such as butyl digol, liquid 
paraffin or non-volatile ester with or without addition of a volatile component such 
is as isopropanol. Alternatively, pour-on, spot-on or spray formulations can be 

prepared by encapsulation to leave a residue of active agent on the surface of the 
animal. These formulations will vary with regard to the weight of active compound 
depending on the species of host animal to be treated, the severity and type of 
infection and the body weight of the host. The compounds may be administered 
2 0 continuously, particularly for prophylaxis, by known methods. Generally for oral, 
parenteral and pour-on administration a dose of from about 0.001 to 10mg per kg 
of animal body weight given as a single dose or in divided doses for a period of 
from 1 to 5 days will be satisfactory but of course there can be instances where 
higher or lower dosage ranges are indicated and such are within the scope of this 
25 invention. 

As an alternative the compounds may be administered with the animal feedstuff 
and for this purpose a concentrated 

feed additive or premix may be prepared for mixing with the normal animal feed. 

The invention is illustrated by the following Examples, in which "avermectin 
B2" refers to an avermectin having an OH substituents at the 5- and 23- position 
and a single bond at the 22-23 position, "avermectin B1" refers to an avermectin 
having a double bond at the 22-23 position and an OH substituent at the 5- 
position, and "avermectin A1" is as for avermectin B1 but having a methoxy group 
at the 5-position. 
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The 5-ketone starting compounds were prepared as described in International 
Patent Application WO 94/15944. 

PREPARATION A 

22,23-Dihvdro-25-cvclohexvl aver mectin B1 monosaccharide 5-A/ A/- 
dimethvlhvdrazone 

5-Keto-22,23-dihydro-25-cyclohexyl avermectin B1 monosaccharide (1 g) was 
dissolved in dichloromethane (100 ml) and /V,/V-dimethylhydrazine (2 g) and 
acetic acid (10 ml) added. The reaction was stirred at room temperature for 24 
hours. It was then washed well with water, aqueous sodium bicarbonate and 
brine and then dried (MgS0 4 ). Evaporation gave a brown gum which was 
chromatographed over silica gel (100 g) and eluted with ethenhexane (1:1). 
Appropriate fractions were pooled and evaporated to give the title product (660 
mg). 



EXAMPLE 1 

3-Chloro-22,23-dihvdro-25-cvclohex v | avermectin B1 monosaccharide 5-A/ A/- 
dimethvlhvdrazone 

The hydrazone from Preparation A (200 mg) was dissolved in acetonitrile (40 ml) 
kept at 0°. /V-Chlorosuccinimide (200 mg) was added, and the mixture kept at 0° 
for 18 hours. Tic (thin layer chromatography) showed the reaction was 
approaching completion, so the mixture was poured into water (150 ml) containing 
sodium metabisulphite (0.5 g). It was extracted with ether (1 00 ml x 2), and the 
extracts washed with water and brine and dried (MgS0 4 ). Evaporation gave a 
gum which was chromatographed over silica gel (80 g) and eluted with 
dichloromethane:ether (1:2). Appropriate fractions were collected and pooled. 
The product was characterized by nmr and mass spectroscopy. 
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EXAMPLE 2 

3-Chloro-5-keto-?? ?3-dihvdro-25- C v C lnhgy y| a V6 rmgr*in Ri monoaaeehnrirte 
5 The 3-chloro-hydrazone from Example 1 was dissolved In a mixture of acetic acid, 
tetrahydrofuran, water and sodium acetate (5:2:2:1) (100 ml), and stood at room 
temperature for 1 week. The reaction was then diluted with water (200 ml) and 
extracted with ether (2 x 75 ml portions). The ethereal extracts were washed with 
water (2 x 100 ml), saturated sodium bicarbonate solution, and brine. The ether 
10 was then dried (MgS0 4 ) and evaporated to give a gum. This was 

chromatographed over silica gel and elued ethenhexane (1:1). The desired 
ketone was eluted first. It was characterized by nmr, mass and infrared 
spectroscopy. 

15 EXAMPLE 3 

3-Chloro-2P ?^-Hih Y r iro .25. cvn | n hexvl avermftrtin fh 
monosacnhariHo 

The ketone from Example 2 (20 mg) was dissolved in methanol (2 ml) and sodium 
borohydride (10 mg) added. After standing for 30 minutes at room temperature 
the mixture was poured into semi-saturated brine (30 ml) and extracted with ether 
(2x20 ml). The extracts were washed with brine and dried (MgS0 4 ). The 
residue was purified on a 1" Dynamax (TM) ODS column, eluting with 
methanol.water (90:1 0) at 20 ml/min. The product was characterized by nmr and 
mass spectroscopy. 
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EXAMPLE 4 



3-Chloro-22,23-dihvf1ro-25-cvelQhflyy| avermentin R 1 monosaccharide 5-oxime 
5 The ketone from Example 2 (50 mg) was dissolved in a mixture of methanol (4 ml) 
and dioxan (1 ml), and hydroxylammonium chloride (50 mg) added. This was 
stirred at room temperature overnight, when a further 50 mg of the hydroxylamine 
salt was added. After 4 hours, a further 1 00 mg of the hydroxylamine salt was 

added, and the mixture stirred for 2 hours. The reaction was then poured into 
10 semisaturated brine (50 ml) and extracted with ether (2 x 100 ml). Extracts were 

dried (MgS0 4 ), and evaporated to a gum. This was purified on a 1" Dynamax 

ODS column, eluting methanolrwater (90:10) at 20 ml/min. The product was 

characterized by mass and nmr spectroscopy. 

15 EXAMPLE 5 

3-r2,4-Dinitroph^n^mhim-?2.23-dihvflrn-9 ^ C vci 0 hPwi a »^in p< 
monosaccharide * _/y. AZ-dimethylhydrazona 

The hydrazone from Preparation A (200 mg) was dissolved in acetonitrile (20 ml), 
cooled to oo, and calcium carbonate (200 mg) added. Next, 2,4- 

2 o dinitrobenzenesulphenyl chloride (200 mg) was added all at once. The mixture 
was kept at 00 overnight. It was then poured into water (1 00 ml) and extracted 
with ether (2 x 75 ml). The extracts were washed with saturated sodium 
bicarbonate solution, and brine. They were dried (MgS0 4 ) and evaporated to an 
orange foam. This was chromatographed over silica gel (90 g) and eluted with 

25 dichloromethanerether (2:1). The bright orange-yellow band which eluted was 
collected. The structure was confirmed by mass and nmr spectroscopy. 
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EXAMPLE 6 

3-r2,4-Dinitrophenvlthio1-22.23-dihvdro ^ 5-cvdohPYyi ivermectin B1 
monosaccharide 5-oxime 

The compound from Example 5 (1.2 g) was dissolved in a mixture of dioxan and 
methanol (240 ml of 1:1) and a solution of hydroxylammonium chloride (10 g) in 
water (60 ml) added. The solution was stirred at room temperature for 2 days, 
when all starting reagents had disappeared. It was then partitioned between 
water and ether, the organic phase was washed with water and brine, dried 
(MgS0 4 ) and evaporated to give a yellow gum. This was chromatographed over 
silica gel, eiuting with ether:hexane (2:1). Appropriate fractions were collected and 
evaporated to give the title compound (800 mg), characterized by mass and nmr 
spectroscopy. 

EXAMPLE 7 

, 3-r2,4-Dinitrophenylthio1-?? ?3-dihvdr 0 -?fi-c. V H 0 hexvl aW rm^in ri 
monosaccharirte 

The product from Example 5 (100 mg) was dissolved in acetic acid (10 ml) and a 
solution of copper(ll) acetate (400 mg) in water (5 ml) added. The reaction was 
stirred at room temperature for 1 week. It was then partitioned between ethyl 
acetate (50 ml) and water (50 ml), the organic phase washed with water and 
saturated sodium bicarbonate solution, dried (MgS0 4 ) and evaporated to a yellow 
foam. Comprising the 5-ketone. This was dissolved in methanol (50 ml) and 
sodium borohydride (20 mg) added. After 5 minutes, the reaction was quenched 
with aqueous citric acid and extracted with ethyl acetate. The organic phase was 
washed with water and brine, dried and evaporated to an orange glass. This was 
chromatographed over silica gel (30 g), and eluted with ethendichloromethane 
(3:1). An orange band eluted first, which was discarded, followed by the title 
compound (20 mg), which was characterized by mass and nmr spectroscopy. 
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EXAMPLE 8 

3-Mercapto-22,23-dihvdro-25-cvclohe x vl avermeotin B1 monosaccharide 5-N.N- 
dimethvlhvdraynnp 

The sulphide from Example 5 (300 mg) was dissolved in dichloromethane (40 ml). 
Ethanethiol (5 ml) followed by triethylamine (3 ml) was added and the mixture 
stirred at room temperature for 3 hours. A further portion of triethylamine (1 ml) 
and ethanethiol (5 ml) was added and the mixture stirred for a further 8 hours. 
The volatiles were removed, and the resulting dark oil was chromatographed over 
silica gel, eluting with dichloromethane. A dark orange band eluted first, followed 
by the title compound, obtained on evaporation as orange crystals (200 mg). The 
compound was characterized by mass and nmr spectroscopy. 

EXAMPLE 9 

3-Methylthio-?2 1 23-dihydro-?5-cvcloh exv l aver m ectlD B1 monosaccharide 5-A/ A/- 
dimethvlhvdrazone 

The thiol from Example 8 (90 mg) was dissolved in ether (2 ml) and methyl iodide 
(1 ml) and Hunig's base (0.5 ml) added. After 6 hours, all starting reagents had 
gone. The volatiles were removed and the residue chromatographed over silica 
gel (50 g), and eluted with dichloromethane:ether (3:1). Fractions containing the 
less polar material were collected, and shown to contain the title compound, as 
proved by nmr and mass spectrometry. 

EXAMPLE 10 

3-Methylthio-2? 23-dihvdro-25-cvcloh e wl aV prm» r tin B1 monos^haride 5-ovim* 
The methylthio compound from Example 9 (40 mg) was dissolved in a mixture of 
methanol and dioxan (10 ml of 1:1). Hydroxylammonium chloride (0.5 g) in water 
(2 ml) was added. After 6 hours, reaction was incomplete and a further 2 g of the 
hydroxylamine salt added in water (2 ml). After 12 hours, the mixture was poured 
into water (50 ml) and extracted with ether (2 x 50 ml). The extracts were washed 
with brine and dried (MgS0 4 ). Evaporation gave a gum which was purified on a 
1" Dynamax (TM) ODS column, eluting with methanol:water (90:10) at 20 ml/min. 
The structure was established by nmr and mass spectrometry. 
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EXAMPLE 1 1 

3-Methvlthio-?? PS-dihydro-^-cvclohew. ^m^tin B1 mnnn^h ari . a 
The methylthio compound from Example 9 (50 mg) was dissolved in acetic acid (6 
ml) and saturated aqueous copper(ll) acetate solution (3 ml) added. This was 
stirred at 350 for 24 hours. The reaction was then diluted with water (50 ml) and 
extracted with ether (2 x 50 ml). The extracts were washed with water, saturated 
sod,um bicarbonate solution and brine, dried (MgS0 4 ), and evaporated to a gum. 
This was the 5-ketone. This was dissolved in methanol (3 ml) and sodium 
borohydride (20 mg) added. After 30 minutes, the reaction was quenched with 5 
ml of 100/c aqueous citric acid, extracted with ether (2 x 50ml), the ether dried 
(MgS0 4 ) and evaporated to a gum. This was purified on a 1" Dynamax (TM) 
ODS column, eluting with methanolrwater (9:1) at 20 ml/min. Product was eiuted 
15 after 22-24 minutes, and was characterized by mass and nmr spectroscopy. 

EXAMPLE 12 

3-Dimethvl a minnm Q th Y |.22,23-dih V rir 0 -25-cvclnhft^ 
monosar.r.lWHp *_a; M-dimettwIhy Hra™^ 

20 The hydrazone from Preparation A (70 mg) was dissolved in acetonitrile (10 ml). 
Calcium carbonate (70 mg), then Eschenmoser-s salt (Me 2 N-CH 2 + CI") (100 mg) 
added. The mixture was stored at 00 for 24 hours. It was then poured onto 
saturated sodium bicarbonate solution (50 ml), and extracted with ether (2 x 75 
ml). The organic phase was washed with water, brine, and dried (MgS04) 

25 Evaporation gave a gum. The product was then purified by chromatography over 
silica gel (50 g) and eiuted ether:dichloromethane (1:1). Residual starting 
material eiuted first, followed by the title compound, characterized by mass and 
nmr spectroscopy. 
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EXAMPLE 13 

3-Dimethvlaminnm^ thvl-22.23-dihvdro-25-cvnlohexvl avermgr.tin Ri 
5 monosaccharide 5-oxime 

The product from Example 12 (200 mg) was dissolved in a mixture of methanol 
and dioxan (40 ml of 1:1), and a solution of hydroxylammonium chloride (2 g) in 
water (10 ml) added. The reaction was left at room temperature for 3 hours, then 
overnight in the deep freeze. It was then partially evaporated to remove 

io methanol, neutralized with excess sodium bicarbonate solution, the product 
extracted into ether (2 x 100 ml), washed with brine and dried (MgS0 4 ). 
Evaporation gave the product, which was purified by chromatography over silica 
gel (60 g), eluting with dichloromethane:ether 4:1 . Appropriate fractions were 
pooled to give the title compound (96 mg), characterized by mass and nmr 

15 spectroscopy. 
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EXAMPLE 14 

3-Phenylseleno-22,23-dihvdro-?5-cvcloh e wi ^rme ctin B1 mnnn^riH. 
N. W-dimef hvlhvdra7nnp> 

The hydrazone from Preparation A (100 mg) was dissolved in acetonitrile (40 ml) 
and /v-phenylselenophthalimide (100 mg) added. The solution was shaken until 
all material was dissolved, then kept at 00 for 48 hours. It was then poured into 
water (100 ml) and extracted with ether (2 x 150 ml). Extracts were washed with 
brine and dried (MgS0 4 ), and evaporated to a gum. This was chromatographed 
over silica gel (80 g) and eluted with dichloromethane:ether (3:1). Some 
phthalimide eluted first, then the title product, which was characterized by nmr and 
mass spectroscopy. 
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EXAMPLE 15 

3-Phenvlse|eno-22.23-dihvdro-2f 
oxime 



The product from Example 1 4 (480 mg) was dissolved in 1 50 ml of a 1 :1 
methanol/dioxan mixture. A total of 5 g of hydroxylammonium chloride in water 
(30 ml) was added, and the reaction left for 24 hours at room temperature. It was 
then poured into water (500 ml) and extracted with ether (2 x 250 ml). The 
io extracts were washed with water, brine and dried (MgS0 4 ). Evaporation gave a 
gum. This was chromatographed over silica gel (100 g) and eluted 
dichloromethane.ether (4:1). Fractions containing product were collected and 
combined. The title compound was characterized by nmr and mass spectroscopy. 

15 EXAMPLE 16 

3-Phenylseleno-?? ?3-dihvrtro-25-cvpJnh*vY. a^ermectjn B1 monnc^ 
The product from Example 14 (40 mg) was dissolved in acetic acid (20 ml) and 
saturated copper(ll) acetate solution (7 ml) added. The reaction was left for 4 
days at room temperature, then worked up as described in Example 7. The crude 
20 product (the 5-ketone) was dissolved in methanol (5 ml) and sodium borohydride 
(20 mg) added. After 20 minutes, the reaction was worked up as in Example 7, 
and the product purified on a 1 " Dynamax (TM) ODS column, eluting with 
methanol:water (95:5) at 20 ml/min. The product eluted at 17 minutes and was 
characterized by nmr and mass spectroscopy. 

25 
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EXAMPLE 17 

3-Nitro-22,23-dihydro-25-cvclohexvl a vermectin B1 monosaccharide 5-N.N- 
dimethvlhvdrazone 

The hydrazone from Preparation A (150 mg) was dissolved in acetonitriie (30 ml) 
and the solution cooled to oo Tetranitromethane (0.25 ml) was added, and the 
reaction kept for 12 hours at (P. The acetonitriie was evaporated, and the residue 
chromatographed over silica gel (90 g), eluting with dichloromethanerether (3:1). 
A fast-running yellow band was discarded, then 20 fractions of 20 ml collected. 
Fractions 5-6 contained the title compound, characterized by mass and nmr 
spectroscopy. 

EXAMPLE 18 

3-lodo-22 1 23-dihydro-25-cvolohexvl avarm* ^ B 1 monosaccharide 5-A/ M- 
dimethvlhydrazone 

The hydrazone from Preparation A (50 mg) was dissolved in acetonitriie (20 ml) 
and the solution cooled to oo. AModosuccinimide was added in three portions of 
10 mg each over 3 days. The reaction was poured into water (50 ml), and 
extracted with ether (2 x 75 ml). The extracts were washed with brine and dried 
(MgS0 4 ). Evaporation gave a yellow gum, which was chromatographed over 
silica gel (50 g), eluting with dichloromethanerether (3:1). Fractions containing 
product were collected. The title compound was characterized by mass and nmr 
spectroscopy. 
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EXAMPLE 19 

3-lodo-22 t 23-dihydro-25-cvclohexvl av ermectin B1 monosaccharirte 
The iodo compound from Example 18 (50 mg) was dissolved in acetic acid (5 ml) 
and saturated copper(ll) acetate solution (2 ml) added. The reaction was stirred 
at room temperature for 72 hours, then worked up as described in Example 7 to 
give the crude 5-ketone. This was reduced to the title compound using the 
method of Example 7, which was purified on a 1" Dynamax (TM) ODS column, 
eluting with methanol.water (9:1) at 9 ml/min. The product was characterized by 
nmr and mass spectroscopy. 

EXAMPLE 20 

3 -Chloro-25-cyclohexyl avermectin B1 fi-A/ . /iz - dimethvlnvrira™,^ 
25-Cyclohexyl avermectin B1 5-A/,A/-dimethylhydra2one (4 g), prepared from the 
corresponding ketone according to the method of Preparation A, was dissolved in 
acetonitrile (800 ml), cooled to 00, and /V-chlorosuccinimide (4 g) and 4A 
molecular sieve (20 g) added. The reaction was left at 0<> for 24 hours. The sieve 
was then filtered off, and the reaction worked up as in Example 1. The crude 
product was purified by chromatography over silica gel (200 g), eluting with 
dichloromethane:ether (4:1). The product was characterized by mass and nmr 
spectroscopy. 
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EXAMPLE 21 

3-Chloro-25-cvclnh exvl avermectin B1 

The hydrazone from Example 20 (1 .1 g) was dissolved in acetic acid (70 ml) and 
saturated copper(ll) acetate (35 ml) added. The reaction was left at room 
temperature for 72 hours, then worked up as in Example 7 to give the crude 5- 
ketone. This was reduced with sodium borohydride using the protocol of Example 
7, and the title compound purified on a 2" Dynamax (TM) ODS column in 2 
batches, eluting with methanolrwater (9:1) at 45 ml/min. It was characterized by 
nmr and mass spectroscopy. 

EXAMPLE 22 

3-Chloro-25-cvclohftY Yl avermectin B1 5-oxime 

The hydrazone from Example 20 (0.3 g) was dissolved in a 1 :1 mixture of 
methanol and dioxan (90 ml). Hydroxylammonium chloride (3 g) in water (20 ml) 
was added, and the mixture stood at room temperature for 16 hours. The reaction 
was worked up as in Example 4, and the crude product purified on a 1" Dynamax 
(TM) ODS column, eluting with methanol:water (95:5) at 9 ml/min. The title 
compound was characterized by mass and nmr spectroscopy. 

EXAMPLE 23 

3-Chloro-25-cvclohex y| avermectin B1 monosaccharide 

The 3-chloroavermectin from Example 21 (50 mg) was dissolved in 1 .5 ml of a 1 % 
solution of sulphuric acid in isopropanol. The reaction was stirred at room 
temperature overnight. It was then partitioned between ether and saturated 
sodium bicarbonate solution, the organic phase was dried (MgS0 4 ) and 
evaporated. The crude product was purified on a 1" Dynamax (TM) ODS column, 
eluting with methanol: water (9:1) at 9 ml/min. The title compound was then 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 24 

3-Chloro-22,73-r< ihvdro-25-cvclohexvl avermectin R1 

The 3-chloro-avermectin from Example 21 (0.1 g) was dissolved in toluene (5 ml). 
The solution was sparged with nitrogen and degassed ultrasonically. Wilkinson's 
catalyst (20 mg) was added, and the mixture hydrogenated at a pressure of 50 
p.s.i overnight. A further portion (20 mg) of catalyst was added, and 
hydrogenation continued for 24 hours. The reaction mixture was then filtered and 
evaporated to give a brown solid. This was dissolved in methanol, filtered and 
purified on a 1" Dynamax (TM) ODS column, eluting with methanol:water (9:1) at 
9 ml/min. The title product was characterized by nmr and mass spectrometry. 

EXAMPLE 25 
15 3-Chloro-?fi-cvclohexYl ivermectin B? 

This was prepared from 25-cyclohexyl avermectin B2 5-/V,/V-dimethylhydrazone 
(synthesized from 5-keto-25-cyclohexyl avermectin B2 according to the method of 
Preparation A) via conversion to the 3-chloro-25-cyclohexyl avermectin B2 N,N- 
dimethylhydrazone, according to the method of Example 1 . This was hydrolysed 
to the 5-ketone, as detailed in Example 7, and reduced to the title compound. 
This was characterized by nmr and mass spectroscopy. 



20 



EXAMPLE 26 

3-Chloro-25-^yr.inh a vv| avermertin B2 mon Qsa r/>.h a riri a 
25 This was prepared from the compound from Example 25, using the hydrolysis 
protocol described in Example 23. This was characterized by nmr and mass 
spectroscopy. 
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EXAMPLE 27 

3-Chloro-25-cvclohft xvl avermectin B2 5-oyimft 

This was prepared from 25-cyclohexyl avermectin B2 5-A/,/V-dimethylhydrazone 
(synthesized from 5-keto-25-cyclohexyl avermectin B2 according to the method of 
Preparation A) via conversion to the 3-chloro-25-cyclohexy! avermectin B2 N,N- 
dimethylhydrazone, as in Example 1. Oximation of this to the title compound was 
performed as described in Example 4. This was characterized by nmr and mass 
spectroscopy. 

EXAMPLE 28 

3-Chloro-23-Q-methvl-7K- cvclohexvl avermectin R? 
This was prepared from 23-0-methyl-25-cyclohexyl avermectin B2 5-N,N- 
dimethylhydrazone (synthesized from 5-keto-23-0-methyl-25-cyclohexyl 
avermectin B2 according to the method of Preparation A) via conversion to the 3- 
chloro-23-0-methyl-25-cyclohexyl avermectin B2 ty/V-dimethylhydrazone, as 
detailed in Example 1. This was hydrolysed to the 5-ketone, as in Example 7, and 
reduced to the title compound. This was characterized by nmr and mass 
spectroscopy. 

EXAMPLE 29 

3-Chloro-23-Q-methvl-25-r.yclohexvl aver m ectin B2 monosaccharide 
This was prepared from the compound from Example 28, using the hydrolysis 
protocol described in Example 23. This was characterized by nmr and mass 
spectroscopy. 
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EXAMPLE 30 



3-Chloro-23-0-methyl-?fi -cvclohexvl avermectin R9 fi-nvim Q 
This was prepared from 23-0-methyl-25-cyclohexy! avermectin B2 5-N,N- 
dimethylhydrazone (synthesized from 5-keto-23-0-methyl-25-cyclohexyl 
avermectin B2 according to the method of Example 1 ) via conversion to the 3- 
chloro-23-0-methyl-25-cyclohexyl avermectin B2 M/V-dimethylhydrazone, 
according to the method of Example 1 . Oximation of this to the title compound 
was performed as described in Example 4. This was characterized by nmr and 
mass spectroscopy. 



EXAMPLE 31 

3-Bromo-22,?3-dihydro-25-r.vclohPxvl avermectin ™ ^ onosaonhpriH* *.a/ a/_ 
dimethvlhydrazone 

The hydrazone from Preparation A (200 mg) was dissolved in acetonitrile (50 ml), 
and stirred with 4A molecular sieve (1 g) for 1 hour. It was cooled to 0<> and N- 
bromosuccinimide (NBS) (45 mg) added poriionwise over 1 hour. A further 10 mg 
of NBS was added, and the mixture stirred for a further 30 minutes. It was then 
poured into dilute aqueous sodium bisulphite solution, extracted with ethyl 
acetate, washed with water and brine, dried (MgS0 4 ) and evaporated. The 
product was purified by chromatography over silica gel (75 g) eluting with 
hexanerether (3:2). Appropriate fractions were pooled and the product thus 
obtained. This was characterized by nmr and mass spectroscopy. 

EXAMPLE 32 

3-Bromo-?? ?3-dihvdro-25-cyclohexvl avarm^m B1 mnnn.^h.riH. 
This was prepared from the compound in Example 31 by conversion to the 3- 
bromo-5-ketone, and sodium borohydride reduction, as described in Example 7. It 
was characterized by nmr and mass spectroscopy. 
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EXAMPLE 33 

3-Bromo-22,23-dihvdro-25-cvclohexv l avermectin B1 monosaccharide 5-oxime 
This was prepared from the compound in Example 31 by the oximation protocol 
described in Example 4. It was characterized by nmr and mass spectroscopy. 

EXAMPLE 34 

3-Vinyl-22,23-dihydro-25-cvclohexvl a vermectin B1 monosaccharide 5-N.N- 
dimethvlhvdrazone 

The 3-iodo-avermectin from Example 18 (150 mg) was dissolved in 
dimethylformamide (7.5 ml) and tri-/?-butyl-vinylstannane (0.81 g) and 
fefra/c/s(tri P henylphosphine)palladium(0) (-10 mg) added. The mixture was 
heated at 100© under nitrogen for 4 hours. The solvent was then removed under 
vacuum at room temperature and the resulting oil chromatographed over silica gel 
(50 g), eluting with ethenhexane (7:3). The title compound was obtained by 
pooling appropriate fractions (100 mg). It was characterized by nmr and mass 
spectroscopy. 



EXAMPLE 35 

3-VinYl-22,23-dihvdro-25-cvclohexvl a v ermectin B1 monosaccharide 5-oxima 
This was prepared from the compound in Example 34 by the oximation protocol 
described in Example 4. The product was purified on a 1" Dynamax (TM) ODS 
column, eluting with methanol:water (9:1) at 18 ml/min. The product eluted after 
26 minutes. It was characterized by nmr and mass spectroscopy. 
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EXAMPLE 36 



,3-Vinyl-5-keto-?? ?3-rtihvdro-25-cvcl 0 hgyYi i vermectin B1 mo nosaccharide 
5 The hydrazone from Example 34 (70 mg) was dissolved in glacial acetic acid (7 
ml) and saturated aqueous copper(ll) acetate (1.4 ml) added. The mixture was 
stirred at 35<>C for 2 days. The reaction was evaporated and the product isolated 
by ether extraction. The ketone thus obtained was used directly in the next step. 

10 EXAMPLE 37 

S-Vinyl^.Pa-dihydro-^-rvclohewl m*™^ B1 mnnnfia „ hariftct 
The ketone from the previous Example (40 mg) was dissolved in methanol (40 
ml), and treated with sodium borohydride (20 mg). The mixture was stood at room 
temperature for 15 minutes, then quenched by addition of 10% aqueous citric acid 
L5 (1 ml). The product was extracted with ethyl acetate. The extracts were stripped 
and the residue chromatographed on silica gel (10 g), eluting with 
dichloromethanerether 2:1 . Avermectin-containing fractions were pooled, 
evaporated and purified by reverse-phase hplc. The title compound was 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 38 

3-Ethynyl-22,23-dihvdro-25-cvclohexvl aver mectin B1 monosaccharide S-A/ A/- 
dimethvlhvdraynnft 

The 3-iodo-avermectin from Example 18 (150 mg) was dissolved in 
dimethylformamide (7.5 ml) and ethynyl-tri-n-butyl stannane (0.75 ml) and 
fefra/c/s(triphenylphosphine) P alladium(0) (-10 mg) added. The mixture was 
heated under nitrogen at 50° for 3 hours. The solvent was removed at room 
temperature under high vacuum, and the residue chromatographed over silica gel 
(50 g), eluting with ethenhexane (75:25). Fractions containing product were 
pooled. It was characterized by nmr and mass spectroscopy. 

EXAMPLE 39 

15 ■ 3- Et hvnYl-22,?3-dihvdro-25-ovclohexvl avgr m ectin B1 monosaccharide S-nvima 
This was obtained from the product from Example 38 by the oximation protocol of 
Example 4. It was characterized by nmr and mass spectroscopy. 



10 



20 



EXAMPLE 40 

3-Ethynyl-5-keto-?? ??-riihvdro-25- CV p.lohe X vl avermertin BJ monosaccharide 
The 3-ethynyl hydrazone from Example 38 (50 mg) was dissolved in DMF 
(dimethyl formamide) (5 ml), cooled to -420 C . m-Chloroperbenzoic acid (22 mg) 
was added, and the reaction warmed to -ioo C over 1 hour; this temperature was 
maintained for 1.5 hours, then the mixture was warmed to 0°C for 20 minutes. 
25 The reaction was quenched in saturated aqueous sodium bicarbonate solution, 
extracted with ethyl acetate, washed with brine, dried (MgS0 4 ) and evaporated to 
give the product ketone as a yellow solid. 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



-32- 

EXAMPLE 41 



, 3-EthYnyl-22 l ?3-dihydro-?5-r.vnloh eX vl avgmiecti Q B1 monn^nH. 
The ketone from the previous Example (70 mg) was dissolved in methanol (10 
ml), and treated with sodium borohydride (20 mg). The mixture was stood at room 
temperature for 20 minutes, and was then worked up as in Example 37. The 
crude product was purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
column, eluting with methanol:water 87:13 at 20 ml/min. The product obtained by 
pooling and evaporation of appropriate fractions was characterized by nmr and 
mass spectroscopy. 



EXAMPLE 42 

3-A2ido-5-keto-23-0-m ft th v i.9 5-cv C |ohPVY i a „ a r^ h R o 
The 3-chloro-ketone from Example 28 (100 mg) was stirred in acetonitrile (10 ml) 
at room temperature, and finely ground lithium azide (100 mg) added all in one 
lot. The mixture was briefly sonicated.and stirred at room temperature for 6 hours. 
Reaction was not yet complete, so the mixture was kept at -700 for 72 hours 
allowed to reach room temperature for a further 3 hours, when all starting material 
had been consumed. The mixture was poured into water (100 ml) and extracted 
wrth ether (2 x 100 ml). The extracts were washed with water, then brine dried 
(MgS0 4 ) and evaporated to a foam. This was characterized as the title azide by 
nmr, mass and infrared spectroscopy. 
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EXAMPLE 43 

3-Azido-23-Q-methvl -25-cvclohexvl avermenfin R7 

The azido-ketone from the previous Example (50 mg) was dissolved in methanol 
(2 ml) and sodium borohydride (8 mg) added. After 10 minutes, the crude 
reaction mixture was chromatographed on a 1" Microsorb (TM) ODS column, 
eluting with methanol.water (86:14) at 18 ml/min. The material which eluted 
between 40 and 48 minutes was collected and shown to be the title azide by nmr, 
mass and infrared spectroscopy. 

EXAMPLE 44 

5-Keto-Milbemvcin-l JK-ftfi Q.qfi 

Milbemycin UK-86,956 (defined in US Patent 5,073,567 and obtained by the 
process described therein) (10 g) was dissolved in a 3:1 mixture of 
ethentetrahydrofuran (400 ml). Then manganese dioxide (10 g) was added with 
stirring. After 3 hours, a further 10 g of manganese dioxide was added, and the 
mixture stood at room temperature overnight. A further 10 g of manganese 
dioxide was then added, and the reaction stirred for 4 hours. The solution was 
filtered through Hyflo (TM), the residue washed well with ether, and the filtrate 
evaporated to give the product as a yellow solid. 

EXAMPLE 45 

Milbemvcin- UK-86.956-5-A/./V-dimethvlhvdrazone 

This was prepared from the ketone of the preceding Example by the method of 
Preparation A. 
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EXAMPLE 46 

3-Chloro-5-milbemvnin-l I K-86.956-AA AZ-riimethvlhyrimynno 
The milbemycin 5-/V,/V-dimethylhydrazone from the previous Example (0.5 g) was 
dissolved in acetonitrile (100 ml) and stirred 10 minutes at room temperature with 
4A molecular sieve (1 g). The mixture was then cooled to 0O C in an ice/salt 
mixture, and /V-chlorosuccinimide (2.8 g) was added. The mixture was stored at 
0°C for 24 hours, when tic indicated a complete conversion. The reaction was 
then poured into aqueous sodium metabisulphite, extracted well with ether and 
washed with water, and brine. It was dried (MgS0 4 ) and stripped to give a yellow 
solid. This was purified by reverse-phase hplc on a 2" Dynamax (TM) ODS 
column, eluting with methanol.water 90:10, at 40 ml/min, to give the title 
compound, characterized by nmr and mass spectroscopy. 

EXAMPLE 47 

S-Chloro-S-keto-miihAi nvcin-UK-fiR ^.qR 

The 3-chloro-hydrazone from the previous Example (0.88 g) was dissolved in 
glacial acetic acid (50 ml), and saturated aqueous copper(ll) acetate solution (25 
ml) added, and the mixture heated to 350 C overnight, when conversion was 
complete. It was then partitioned between water and ether, the extracts washed 
with water, dried (MgS0 4 ), and stripped to give the title compound as a yellow 
solid, characterized by mass spectroscopy. 
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EXAMPLE 48 

3-Chloro-mil bemvcin-t JK-86.956 
5 The ketone from the previous Example (900 mg) was dissolved in methanol (30 
ml) and sodium borohydride (200 mg) added in one portion. This was stirred for 
15 minutes, then partitioned between water and ether (50 ml). The extracts were 
washed with water, dried (Na 2 S0 4 ), and stripped to give crude product. This was 
purified by reverse-phase hplc on a 2" Dynamax (TM) ODS column, eluting with 
10 methanol.water 85:15 at 40 ml/min. Appropriate fractions were pooled to give the 
title compound, characterized by nmr and mass spectroscopy. 

EXAMPLE 49 

3-Bromo-5-milhemvrin-UK-86 95R-A /,A/-dim 6 thv/lh Y Hr a ^r, e > 
15 The milbemycin 5-A/,/V-dimethylhydrazone from Example 45 (1 g) was dissolved in 
acetonitrile (125 ml) and 4A molecular sieve (2 g) added. The mixture was then 
cooled to 0O C in an ice/salt mixture, and /V-bromosuccinimide (0.17 g) in 
acetonitrile (25 ml) was added over 30 minutes, then the mixture was stirred at 
0°C for 2 hours, when hplc indicated a complete conversion. The reaction was 
2 0 then poured into aqueous sodium metabisulphite, extracted well with ether, and 
washed with water, and brine. It was dried (MgS0 4 ) and stripped to give a yellow 
solid. This was purified by reverse-phase hplc on a 2" Dynamax (TM) ODS 
column, eluting with methanolrwater 85:1 5, at 40 ml/min, to give the title 
compound, characterized by nmr and mass spectroscopy. 

25 

EXAMPLE 50 

3-Bromo-S-kfttn.r ni|bemvcin-UK-86.956 

The 3-bromo-hydrazone from the previous Example (0.2 g) was dissolved in 
glacial acetic acid (12 ml), and saturated aqueous copper(ll) acetate solution (6 
30 ml) added, and the mixture heated to 35<>c overnight, when conversion was 
complete. It was then partitioned between water and ether, the extracts washed 
with water, dried (MgS0 4 ), and stripped to give the title compound as a yellow 
solid. 
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EXAMPLE 51 



3-Bromo-milhPm V H n -UK-86.956 

5 The ketone from the previous Example (1 80 mg) was dissolved in methanol (6 ml) 
and sodium borohydride (40 mg) added in one portion. This was stirred for 15 
minutes, then partitioned between water and ether (50 ml). The extracts were 
washed with water, dried (Na 2 S0 4 ). stripped to give crude product. This was 
purified by reverse-phase hplc on a 1" Dynamax (TM) ODS column, eluting with 

) methanol.water 85:15 at 40 ml/min. Appropriate fractions were pooled to give the 
title compound, characterized by nmr and mass spectroscopy. 

EXAMPLE 52 

3-Chloro-2? , 23-dihvdro-avermectin B1a flu A /-dimpth v ih y Hr a ^^ 
22,23-Dihydro-avermectin B1a 5-A/,/v-dimethylhydrazone (prepared from the 5- 
ketone according to Preparation A) (2.8 g) was dissolved in acetonitrile (340 ml) 
and stirred 10 minutes at room temperature with 4A molecular sieve (8 g). The 
mixture was then cooled to 0°c in an ice/salt mixture, and A/-chlorosuccinimide 
(2.8 g) was added portionwise over 15 minutes. The mixture was stored at 0O C 
for 24 hours, when tic indicated a complete conversion. The reaction was then 
poured into aqueous sodium metabisulphite, extracted well with ether and 
washed with water, and brine. It was dried (MgS0 4 ) and stripped t 0j give a yellow 
solid. This was purified in two lots by reverse-phase hplc on a 2" Dynamax (TM) 
column, eluting with methanol.water 95:5, at 45 ml/min, to give the title compound, 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 53 

3-Chloro-5-keto-22 1 Pa -dihvdro-avermectin B1 a 

The 3-chloro-hydrazone from the previous Example (2.8 g) was dissolved in 
glacial acetic acid (100 ml), and saturated aqueous copper(ll) acetate solution (50 
ml) added, and the mixture heated to 35<>c overnight, when conversion was 
complete. It was then cooled, filtered and partitioned between water and ether, 
the extracts washed with water, dried (MgS0 4 ), and stripped to dryness. The 

residue was chromatographed over silica gel and eluted with ether, to give the 
title compound. 

EXAMPLE 54 

3-Ch)oro-22.23-dihvdrn .avermertin R1 a 

The ketone from the previous Example (500 mg) was dissolved in methanol (35 
ml) and sodium borohydride (260 mg) added in one portion. This was stirred for 
30 minutes, then partitioned between water and ether (50 ml). The extracts were 
washed with water, dried (Na 2 S0 4 ), stripped to give crude product. This was 
purified by reverse-phase hplc on a 2" Dynamax (TM) ODS column, eluting with 
methanoliwater 95:5 at 45 ml/min. Appropriate fractions were pooled to give the 
title compound, characterized by nmr and mass spectroscopy. 
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EXAMPLE 55 

3-Chloro-22.23-dih vdro-avermectin B1a monosaccharide 
The product from the previous Example (300 mg) was dissolved in a 1% solution 
of concentrated sulphuric acid in isopropanol (2 ml), and left overnight. The 
mixture was diluted with water, and the mixture was extracted with ether. The 
extracts were washed water, dried (Na 2 S0 4 ), and stripped to give a solid. This 
was purified by reverse-phase hplc on a 1" Dynamax (TM) ODS column, eluting 
with methanol.water 90:10 at 9 ml/min. Appropriate fractions were pooled to give 
the title compound, characterized by nmr and mass spectroscopy. 

EXAMPLE 56 

3-Chloro-22.23-dihvrirn -avermectin B1a 5-oximp> 

The hydrazone from Example 52 (2 g) was dissolved in a mixture of methanol and 
dioxan (1:1, 400 ml). A solution of hydroxylammonium chloride (20 g) in water 
(100 ml) was added. After 24 hours, the mixture worked up as in Example 22. 
The crude solid was purified in two batches by reverse-phase hplc on a 2" 
Dynamax (TM) ODS column, eluting with methanol.water 90:10 at 40 ml/min. 
Fractions with retention time 10.8 minutes were pooled to give the title oxime, 
characterized by nmr and mass spectroscopy. 

EXAMPLE 57 

3-Chloro-22.23-dihvdro- avermectin B1a monosaccharide 5-oyime 
The product from the previous Example (300 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 54. The 
crude product was purified by reverse-phase hplc on a 1" Dynamax (TM) ODS 
column, eluting with methanol:water 90:10 at 9 ml/min. Fractions containing the 
product were pooled. The title compound was characterized by nmr and mass 
spectroscopy. 
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EXAMPLE 58 

3-Chloro-22.23-dih ydro avermectin B1a aalvcone 

The hydrolysis was conducted on crude disaccharide from Example 54 (300 mg). 
This was dissolved in a 1% solution of concentrated sulphuric acid in methanol 
(1 I), and left overnight. Workup was as in Example 54. The crude product was 
purified by reverse-phase hplc on a 2" Dynamax (TM) ODS column. Fractions 
containing the product were pooled. The title compound was characterized by 
nmr and mass spectroscopy. 

EXAMPLE 59 

3-Bromo-avermectin R j a 5-A/.A/-dimethvlhvdra7-nnft 

Avermectin B1a 5-/V,A/-dimethylhydrazone (prepared from the 5-ketone according 
to Preparation A) (0.5 g) was dissolved in acetonitrile (100 ml) and stirred 10 
minutes at room temperature with 4A molecular sieve (1 g). The mixture was then 
cooled to -20°C in an ice/salt mixture, and /V-bromosuccinimide (0.1 1 g) was 
added portionwise over an hour. Tic indicated a complete conversion. The 
reaction was then poured into aqueous sodium metabisulphite, extracted well with 
ether, and washed with water, and brine. It was dried (MgSC>4) and stripped to 
give a yellow solid. This was purified by reverse-phase hplc on a 2" Dynamax 
(TM) ODS column, eluting with methanolrwater 85:15, at 40 ml/min, to give the 
title compound, characterized by nmr and mass spectroscopy. 

EXAMPLE 60 

3-Bromo-5-keto-avermectin B1a 

The 3-bromo-hydrazone from the previous Example (0.99 g) was dissolved in 
glacial acetic acid (50 ml), and saturated aqueous copper(ll) acetate solution (25 
ml) added, and the mixture heated to 35°C overnight, when conversion was 
complete. It was then partitioned between water and ether, the extracts washed 
with water, dried (MgSC^), and stripped to dryness, to give the title compound as 
a yellow solid. 
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EXAMPLE 61 
3-Bromo-avftr rnectin Bla 
5 The ketone from the previous Example (800 mg) was dissolved in methanol (30 
ml) and sodium borohydride (200 mg) added portionwise. This was stirred for 20 
minutes, then partitioned between water and ether (50 ml). The combined 
extracts were washed with water, dried, and stripped to give crude product. This 
was purified in two batches by reverse-phase hplc on a 2" Dynamax (TM) ODS 
io column, eluting with methanoliwater 85:15 at 40 ml/min. Appropriate fractions 

were pooled to give the title compound, characterized by nmr and mass 

spectroscopy. 

EXAMPLE 62 
15 3-Bromo-avermectin Ria monosaccharide 

The product from the previous Example (400 mg) was dissolved in a 1% solution 
of concentrated sulphuric acid in isopropanol (400 ml), and left overnight The 
m.xture was diluted with water, and the mixture was extracted with ether The 
extracts were washed with aqueous sodium bicarbonate, water, dried (Na 2 S0 4 ), 
and stripped to give a solid. This was purified by reverse-phase hplc on a 2" 
Dynamax (TM) ODS column, eluting with methanoCwater 85:15 at 40 ml/min 
Appropriate fractions were pooled to give the title compound, characterized by 
nmr and mass spectroscopy. 

25 EXAMPLE 63 

3-Bromo-?? 23-rtihyriro-^ermectin Ri a R- N.N-dlmet^y Hr*^ 
22,23-Dihydro-avermectin B1a 5-A/,A/-dimethylhydrazone (prepared from the 5- 
ketone according to Preparation A) (6.66 g) was dissolved in acetonitrile (900 ml) 
and stirred 10 minutes at room temperature with 4A molecular sieve (24 g). The 

so mixture was then cooled to 0 o C in an ice/salt mixture, and A/-bromosuccinimide 
(1.42 g) in acetonitrile (100 ml) added dropwise over 15 minutes. The resulting 
red solution was stirred for a further 15 minutes, when tic indicated a complete 



20 
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conversion. The reaction was then concentrated to -100 ml, diluted with ethyl 
acetate (200 ml), and washed with aqueous sodium metabisulphite (100 ml of 
5%), water, and brine. It was dried (MgS0 4 ) and stripped to give an orange foam. 
This was chromatographed over silica gel (250 g), eluting with 
dichloromethane:ethyl acetate 2:1, to give the title compound, characterized by 
nmr and mass spectroscopy. 

EXAMPLE 64 

3-Bromo-5-keto-22.23- dihvdro-avermectin B1 a 

The bromo-hydrazone from the previous Example (4.5 g) was dissolved in glacial 
acetic acid (500 ml), and saturated aqueous copper(ll) acetate solution (250 ml) 
added, and the mixture stirred at room temperature overnight. It was then heated 
to 45°C for 4 hours, when conversion was complete. It was then cooled, filtered 
and stripped to dryness. The residue was partitioned between water (150 ml) and 
ether (150 ml). The aqueous phase was re-extracted with ether (1 x 100 ml) and 
the combined extracts washed with water (50 ml), aqueous potassium bicarbonate 
(50 ml), water (50 ml) and brine (20 ml), dried (MgS0 4 ), and stripped to dryness. 
The residue was chromatographed over silica gel (250 g) and eluted with 
dichloromethaneiethyl acetate 2:1, to give the title compound as a yellow foam, 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 65 

S-Bromo^P^a-riihy ciro-avermepiin R1 a 

The ketone from the previous Example (500 mg) was dissolved in methanol (50 
ml) and sodium borohydride (50 mg) added in one portion. This was stirred for 15 
minutes, then stripped to low volume, partitioned between water (50 ml) and ether 
(50 ml). The aqueous phase was re-extracted with ether (1 x 50 ml), and the 
combined extracts washed water (2 x 20 ml), dried (Na 2 S0 4 ), stripped and 
chromatographed over silica gel (80 g) eluting with dichloromethanerethyl acetate 
2:1 , to g,ve crude product. A portion (30 mg) was purified by reverse-phase hplc 
on a 1" Uitrasphere (TM) ODS column, eluting with methanol:water 90:10 at 5 
ml/min. Appropriate fractions were pooled to give the title compound, 
characterized by nmr and mass spectroscopy. 

EXAMPLE 66 

3 -Bromo-2? 23-dihvrirn- fl ^ r me ctin B1a mn nosacnhar iH g 
The crude product from the previous Example (300 mg) was dissolved in a 1% 
solution of concentrated sulphuric acid in isopropanol (20 ml), and left overnight 
The mixture was diluted with water (25 ml) and basified with saturated aqueous 
potass,um bicarbonate (15 ml). The mixture was extracted with ether. The 
aqueous phase was re-extracted with ether, and the combined extracts washed 
water (2 x 10ml) and brine (10 ml), dried (Na 2 S0 4 ), and stripped to give a gum. 
This was chromatographed over silica gel eluting with ethenhexane 4:1 to give 
crude product. This ws purified was purified by reverse-phase hplc on a 1" 
Phenomenex Primesphere (TM) ODS column, eluting with methanokwater 85:15 
at 10 ml/min. Appropriate fractions were pooled to give the title compound, 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 67 

3-Bromo-22.23-dih ydro-avermectin B1a aalvcone 

The hydrolysis was conducted on crude disaccharide from Example 65 (100 mg). 
This was dissolved in a 1% solution of concentrated sulphuric acid in methanol 
(20 ml), and left overnight. Workup as in the previous Example, and silica gel 
chromatography gave the title aglycone, characterized by nmr and mass 
spectroscopy. 

EXAMPLE 68 

22,23-dihydro-25-cycloheyvl avermertin Ri 5-MA/-dim ft thyih V Hr 3 ™^ 
This was prepared from the 5-ketone, following the method of Preparation A. 

EXAMPLE 69 

S-Bromo^^a-dihydro^S-cvclohexvl averm^tin R 1 5.N.N-cii m ^y^ r a ^ 
The hydrazone from Example 68 (1.4 g) was dissolved in acetonitrile (240 ml), 
stirred with 4A molecular sieve (5 g) for 10 minutes, then cooled to 0<>C. N- 
Bromosuccinimide (0.26 g) in acetonitrile (10 ml) was added dropwise over 30 
minutes. A further portion of /V-bromosuccinimide (50 mg) was added in 
acetonitrile (2 ml) over 10 minutes. The solution was filtered, and evaporated to 
50 ml, diluted with ethyl acetate (200 ml), then washed with aqueous sodium 
metabisulphite and brine, dried (MgS0 4 ) and stripped to dryness. The solid was 
chromatographed over silica gel (1 00 g), eluting ethenhexane 1:1, rising to 3:2. 
Fractions containing the product were pooled to give the title compound, 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 70 

3-(4-Cyanophenvl)-22,23-rtihvdro-25-cvrt n hexvl avprmprtin B1 5-A/ A/- 
dimethvlhvdrazonfi 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-A/,/V-dimethylhydrazone 
(from Example 69) (150 mg) was heated with tri-n-butyl-(4-cyanophenyl)-stannane 
(0.5 ml) in dimethylformamide (8 ml) at 80°C, with 

^e^^a/c/ S (triphenylphosphine)palladium(0) (1 0 mg) for 2 hours. The reaction was 
then evaporated to dryness, and the crude oil was chromatographed on silica gel, 
and eluted etherrnexane 7:3. The fractions containing the product were pooled ' 
and evaporated. The product was characterized by nmr and mass spectroscopy. 

EXAMPLE 71 

3-(4-Cyano P henvl)-5-keto-?? ?3^ihvdro-25^vHnh 0 v Yl a vermef * n R1 anri ; , e 
monosa ccharide derivative 

The hydrazone from the previous Example (70 mg) was dissolved in glacial acetic 
acd (8 ml) and saturated aqueous copper(ll) acetate (2 ml) added. The mixture 
was stirred at 4 0 o C for 20 hours. The reaction was worked up as in Example 54, 
and the product - a mixture of the title compounds - was used directly in the next 
step. 



/clohexvl a vermectin R1. and its 



EXAMPLE 72 

(4-Cvanophftnyl)-999c t . c |ihvdrQ-Pfi- 
monosaccharide derivative 
The mixture of ketones from Example 71 was dissolved in methanol (10 ml), and 
treated with sodium borohydride (10 mg). The mixture was stood at room 
temperature for 20 minutes, then quenched with aqueous citric acid. Workup as 
in Example 48 gave crude products, purified by reverse-phase hplc, eluting with 
methanolrwater 85:15. The title monosaccharide eluted first, and followed by the 
title disaccharide. They were characterized by nmr and mass spectroscopy. 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



-45- 

EXAMPLE 73 

3-(2-PvridvlV22.23-dih vdro-25-cvclohexvl avermectin B1 5-A/ A/- 
dimethvlhvdrazone 

The 3-bromo-hydrazone from Example 69 (300 mg) was dissolved in 
dimethylformamide (15 ml) and 2-tri-n-butylstannylpyridine (1.5 ml) and 
tefra/c/s(triphenylphosphine)palladium(0) (60 mg) added. This mixture was stirred 
under nitrogen at 100°c for 2.5 hours, then poured into water and extracted with 
ether. The organic phase ws washed with water and brine and dried (MgS0 4 ), 
and evaporated to give an oil. This ws chromatographed over silica gel (100 g), 
eluting with ether. Material of R f 0.2 was collected and shown to be the title 
compound by nmr and mass spectroscopy. 

EXAMPLE 74 

3-(2-Pvridvl)-22.23-dihvrim -25-cvcloheyvl avermectin R1 fi-nvim* 

The hydrazone from Example 73 (75 mg) was dissolved in a mixture of methanol 

anddioxan(1:l, 16ml). A solution of hydroxylammonium chloride (750 mg) in 

water (4 ml) was added. After 3 hours, the initial yellow colour had faded, and the 

mixture worked up as in Example 22. Chromatography over silica gel (70 g), 

eluting with ether, gave the title oxime, characterized by nmr and mass 

spectroscopy. 

EXAMPLE 75 

3-(2-PyridYl)-22,23-dihvdro-25-cvcloh e xvl avermectin B1 monosaccharide 5-oyime 
The product from the previous Example (30 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
column, eluting with methanol:water 86:14 at 20 ml/min. The product eluted at 21 
- 25 minutes, and was characterized by nmr and mass spectroscopy. 
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EXAMPLE 76 

3-Methyl-22,23-dihydro-?S-oyrtohexvl avft rmgc« n gl 5-A/ /VWtimgthvlhvdraznriP 

The bromo-hydrazone from Example 69 (250 mg) was dissolved in 

dimethylformamide (12.5 ml) and tetramethyltin (1 ml) and 

te^a/c/s(tri P henylphosphine)palladium(0) (20 mg) added. This mixture was stirred 
under nitrogen at 85°C for 10 hours, then solvents were removed in vacuo, and 
the residue extracted with ether. The organic phase was washed with water and 
bnne and dried (MgSO^, and evaporated to give a gum. This was shown to be 
the title compound by nmr and mass spectroscopy. 

EXAMPLE 77 

S-Methyl^^S-dihvdrn-^^Y^hexN/l av^m * 

The 3-methyl hydrazone from the previous Example (80 mg) was converted to the 
5-oxime derivative by the method of Example 22. It was purified by 
chromatography over silica gel (70 g), eluting with ethenhexane 2:1 , and was 
characterized by nmr and mass spectroscopy. 



20 EXAMPLE 78 

3-Methyl-2? 23-dihynYo-^-ryrlnhexvl avsnr^Kn p, monosaf ^ a nH ft s^dm e 
The product from the previous Example (60 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
25 column, eluting with methanolrwater 96:4 at 20 ml/min. The product eluted at 1 1 - 
14 minutes, and was characterized by nmr and mass spectroscopy. 
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EXAMPLE 79 

3-Methvl-5-keto-22.23- dihvdro-25-cvclohexvl avftrmectin B1 
monosaccharide 

The 3-methyl hydrazone from Example 76 (156 mg) was dissolved in glacial 
acetic acid (25 ml) and a saturated aqueous solution of copper(ll) acetate (10 ml) 
added. The mixture was stirred at room temperature for 24 hours, then heated to 
450 C for 4 hours, then at 30°C for 24 hours. The solvents were then removed 
under vacuum, the solution neutralized with aqueous sodium bicarbonate 
soiuition, and the products extracted into ethyl acetate. The organic phase was 
washed with water and brine, dried (MgS0 4 ) and evaporated to give crude 
ketone. 



15 EXAMPLE 80 

3-Methyl-22 l 23-dihvdro-25-cv C | 0 h e wl avermectin R1 monosaccharide 
The crude ketone from the previous Example was dissolved in methanol (15 ml), 
and sodium borohydride (1 00 mg) added. The reaction was worked up as in 
Example 48. The crude product was purified by chromatography over silica gel 
20 (50 g), eluting with ether. Fractions containing material of R f 0.15 - 0.25 were 
collected and further purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
column, eluting with methanolrwater 90:10 at 20 ml/min. The product eluted at 22 
- 25 minutes, and was characterized by nmr and mass spectroscopy. 

25 EXAMPLE 81 

3-Bromo-25-cvolohftxvl avermectin B2 5-A/.A/-dimethvlhvdra7r>np 
25-Cyclohexyl avermectin B2 5-A/,/V-dimethylhydrazone was prepared from the 
corresponding ketone by the method of Preparation A. The hydrazone (2 g) was 
dissolved in acetonitrile (250 ml) and stirred with 4A molecular sieve (3 g) for 10 

30 minutes. It was then cooled to 0°C, and A/-bromosuccinimide (372 mg) in 

acetonitrile (50 ml) added over 30 minutes, the mixture was stirred at QOc for a 
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further hour. It was then worked up as in Example 69, and the resulting crude 
gum chromatographed over silica gel (100 g), eluting with ethenhexane 3:1 . The 
5 fractions containing material of R f 0.35 were pooled and evaporated to give the 

title bromo compound as a pale yellow solid, which was characterized by nmr and 
mass spectroscopy. 

EXAMPLE 82 
} 3-Bromo-25-cvclohftYYl avermactin B2 5-oxime 

The 3-bromo hydrazone from the previous Example (300 mg) was converted to 
the 5-oxime derivative by the method of Example 22. It was purified by 
chromatography over silica gel (100 g), eluting with ether, and collecting material 
of R f 0.25 on tic. The oxime was characterized by nmr and mass spectroscopy. 

EXAMPLE 83 

3-Bromo-?S-cyclohexvl avermectin B? mnnnc 3 CehaririB ^ vimo anft t ^ 
corresponding agly mna 

The product from the previous Example (160 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 2" Microsorb (TM) ODS 
column, eluting with methanolrwater 85:15 at 40 ml/min. The title aglycone eluted 
at 1 8.5 minutes, and the monosaccharide at 26 - 29 minutes. Both were 
characterized by nmr and mass spectroscopy. 

EXAMPLE 84 

3-Bromo-5-keto-25-r. Yclohexvl avermectin B? 

The 3-bromo hydrazone from Example 81 (300 mg) was dissolved in glacial acetic 
acid (50 ml) and a saturated aqueous solution of copper(ll) acetate (20 ml) added. 
The mixture was stirred at room temperature for 3 days. The solvents were then 
removed under vacuum, the solution neutralized with aqueous sodium 
bicarbonate solution, and the product extracted into ethyl acetate. The organic 
phase was washed with water and brine, dried (MgS0 4 ) and evaporated to give 
crude ketone. 
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EXAMPLE 85 

3-Bromo- 25-cvclohexy| avermectin B2 

The crude ketone from the previous Example was dissolved in methanol (25 ml), 
and sodium borohydride (100 mg) added. Tic showed reaction to be complete 
after 1 0 minutes. After addition of acetone (2 ml), the reaction was worked up as 
in Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) ODS column, eluting methanol.water 85:15 at 19 ml/min. The 
product eluted at 22 - 30 minutes, and was characterized by nmr and mass 
spectroscopy. 



15 



20 



25 



EXAMPLE 86 

3-Bromo-25-cvclohewl iv ermectin B2 monosaccharide 
The product from the previous Example (150 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 2" Microsorb (TM) ODS 
column, eluting methanolrwater 85:15 at 38 ml/min. The title compound eluted at 
25 - 28 minutes, and was characterized by nmr and mass spectroscopy. 



EXAMPLE 87 

3-Ethyl-22,23-dihvdro-25-cvclohfiw| avermectin B1 5-/V.A/-dimethvlhvdrazonft 
The 3-bromo-hydrazone from Example 69 (300 mg) was dissolved in 
dimethylformamide (14 ml) and tetraethyltin (1.25 ml) and 
fefra/c/s(tri P henylphosphine)palladium(0) (25 mg) added. This mixture was stirred 
under nitrogen at 100OC for 2 hours, then solvents were removed in vacuo, and 
the residue extracted with ether (50 ml). The organic phase was washed with 
water and brine and dried (MgS0 4 ), and evaporated to give a gum. This was 
chromatographed over silica gel (50 g), eluting with ethenhexane 2:1 . The 
30 fractions containing product were pooled and evaporated to give the title 
compound as a pale yellow solid, which was characterized by nmr and mass 
spectroscopy. 
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EXAMPLE 88 

3-Ethyl-22.23-dihvdro- ?5-cvclohexvl avermectin B1 5-oxime 
The 3-ethyl hydrazone from the previous Example (50 mg) was converted to the 
5-oxime derivative by the method of Example 22. The crude product was purified 
by reverse-phase hplc on a 1" Microsorb (TM) ODS column, eluting with 
methanol:water 95:5 at 20 ml/min. The product eluted at 18 - 22 minutes, and 
was characterized by nmr and mass spectroscopy. 



EXAMPLE 89 

3-Ethyl-22,23-dihvdro-25-cvclohe w| avermectin B1 monosaccharide 5-oxime 
The product from the previous Example (50 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
column, eluting with methanolrwater 90:10 for 10 minutes, then methanol:water 
95:5 at 1 8 ml/min. The product eluted at 28 - 32 minutes, and was characterized 
by nmr and mass spectroscopy. 

EXAMPLE 90 

3-Ethyl-5-keto-?? ?3-riihvdro-25-cvcln hexvl avermectin B1a and its 
monosaccharide 

The 3-ethyl hydrazone from Example 87 (130 mg) was dissolved in glacial acetic 
acid (20 ml) and a saturated aqueous solution of copper(ll) acetate (10 ml) added. 
The mixture was stirred and heated to 40°C for 24 hours, then at room 
temperature for 72 hours. The mixture was then re- heated to 40°C for a further 
24 hours.The solvents were then removed under vacuum, the residue partitioned 
between ether and water, and the ether solution neutralized with aqueous sodium 
bicarbonate soluition. The organic phase was washed with water and brine, dried 
(MgS0 4 ) and evaporated to give the crude ketones as a mixture. 
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EXAMPLE 91 

3-Ethyl-22,23-dihvdro-?5-cvclohexvl a v ermectin B1 and Its monosaccharide 
The crude ketones from the previous Example were dissolved in methanol (15 ml), 
and excess sodium borohydride added. The reaction was worked up as in 
Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) ODS column, eluting with methanol:water 90:10 at 20 ml/min. The 
monosaccharide eluted at 27 - 29 minutes, and the disaccharide at 43 - 48 
minutes. Both materials were characterized by nmr and mass spectroscopy. 

EXAMPLE 92 

3-Bromo-25-cyclohexvl avermectin B1 5-A/ , A/-dimeth v lh v rir a ™n 0 
25-Cyclohexyl avermectin B1 5-A/,A/-dimethylhydrazone was prepared from the 
corresponding ketone by the method of Preparation A. The hydrazone (29.9 g) 
was dissolved in acetonitrile (1 I) and stirred with 4A molecular sieve (10 g) for 30 
minutes. It was then cooled to 0°C, and A/-bromosuccinimide (5.95 g) in 
acetonitrile (1 00 ml) added over 60 minutes. Addition was stopped when a 
permanent red colour was seen in the solution. It was then worked up as in 
Example 69, and the resulting crude foam chromatographed over silica gel (500 
g), eluting with ethenhexane 1 : 1 . The fractions containing product were pooled 
and evaporated to give the title bromo compound as a pale yellow solid, which 
was characterized by nmr and mass spectroscopy. 
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EXAMPLE 93 



3-Bromo-5-ketQ-25- nyclohexvl avermectin B1 

The 3-bromo hydrazone from Example 92 (500 mg) was dissolved in glacial acetic 
acid (50 ml) and a saturated aqueous solution of copper(ll) acetate (25 ml) added. 
The mixture was stirred at room temperature for 24 hours, and then heated to 
450 C for 6 hours. The solvents were then removed under vacuum, and the 
residue partitioned between ether and water, and the ether solution neutralized 
w.th aqueous sodium bicarbonate solution. The organic phase was washed with 
water and brine, dried (MgS0 4 ) and evaporated to give crude ketone. 

EXAMPLE 94 

3-Bromo-25-cvclohftYY i avermactin FM 

The crude ketone from the previous Example was dissolved in methanol (15 ml) 
and sodium borohydride (50 mg) added. Hplc showed reaction to be complete ' 
after 10 minutes. After addition of aqueous citric acid, the reaction was worked up 
as in Example 48. The crude product was purified by reverse-phase hplc on a 1" 
M,crosorb (TM) ODS column, eluting with methanoCwater 90:10 at 20 ml/min The 
product eluted at 18 - 24 minutes, and was characterized by nmr and mass 
spectroscopy. 



EXAMPLE 95 

3-Bromo-25-cvclohewl av e rmectin B1 monosaccharide 
The product from the previous Example (150 mg) was hydrolysed to the 
monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 2" Microsorb (TM) ODS 
column, eluting with methanol:water 88:12 at 40 ml/min. The title compound 
eluted at 24 - 27 minutes, and was characterized by nmr and mass spectroscopy. 
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EXAMPLE 96 

3-Methvl-25-cyc lohexvl a v e rmectin B1 5-N /y-dimethvlhyrir^nno 
The bromo-hydrazone from Example 92 (500 mg) was dissolved in 
dimethylformamide (25 ml) and tetramethyltin (2 ml) and 

te/ra/c/s(tri P henylphosphine) P alladium(0) (50 mg) added. This mixture was stirred 
under nitrogen at 85<>c for 1 hour, the reaction was poured into water, and 
extracted with ether. The organic phase was washed with water and brine and 
dried (MgS0 4 ), and evaporated to give a gum. The crude product was purified by 
chromatography over silica gel (80 g), eluting with etherrhexane 2:1. Fractions 
containing material of R f 0.5 were collected and shown to be the title compound 
by nmr and mass spectroscopy. 



15 EXAMPLE 97 

3-Meth Y l-5-keto-?5-rvrlnhov>r lavermftP ,ti nRi and its mnnnga ^ hariHe> 
The 3-methyl-hydrazone from the previous Example (300 mg) was dissolved in 
glacial acetic acid (35 ml) and a saturated aqueous solution of copper(ll) acetate 
(17.5 ml) added. The mixture was stirred at room temperature for 24 hours, then 
20 heated to 5 0 o C for 12 hours. The solvents were then removed under vacuum, the 
res.due partitioned between ether and water, the ether solution neutralized with 
aqueous sodium bicarbonate soluition. The organic phase was washed with 
water and brine, dried (MgS0 4 ) and evaporated to give the crude ketones as a 
mixture. 

25 
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EXAMPLE 98 

3-MethYl-25- cyclohexv l av e rmectin B1 and its monosar.r.hariHc, 
The crude ketones from the previous Example was dissolved in methanol (20 ml), 
and excess sodium borohydr.de added. The reaction was worked up as in 
Example 48. The crude product was purified by reverse-phase hplc on a 2" 
Microsorb (TM) ODS column, eluting with methanohwater 87:13, rising to 
methanol.water 90:10 after 30 minutes, at 42 ml/min. The monosaccharide eluted 
at 27 minutes, and the disaccharide at 43 minutes. Each compound was 
characterized by nmr and mass spectroscopy. 

EXAMPLE 99 

3-Bromo-23-0-meth Y l-25-cvclohBwl averm^in ro N ^ mMvrtr „ nna 
23-0-methyl-25-cyclohexyl avermectin B2 5-/V,A/-dimethylhydrazone was 
prepared from the corresponding ketone by the method of Preparation A. The 
hydrazone (6 g) was dissolved in acetonitrile (500 ml) and stirred with 4A 
molecular sieve (10 g) for 30 minutes. It was then cooled to OOC, and N- 
bromosuccinimide (1.2 g) in acetonitrile (250 ml) added over 60 minutes. The 
reaction was then worked up as in Example 69, and the resulting crude orange 
solid chromatographed over silica gel, eluting with ethenhexane 3:2 The fractions 
containing product were pooled and evaporated to give the title bromo compound 
as a pale yellow solid, which was characterized by nmr and mass spectroscopy. 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCTJEP95/00383 



-55- 

EXAMPLE 100 

3-Bromo-23-Q-methvl-5-keto-25-cvn |ohexvl avenmectin B2 and its 
monosaccharide 

The 3-bromo hydrazone from the previous Example (500 mg) was dissolved in 
glacial acetic acid (25 ml) and a saturated aqueous solution of copper(ll) acetate 
(5 ml) added. The mixture was heated to 40°C for 20 hours. The solvents were 
then removed under vacuum, and the residue partitioned between ether and 
water, and the ether solution neutralized with aqueous sodium bicarbonate 
solution. The oragnic phase was washed with water and brine, dried (MgS0 4 ) 
and evaporated to give crude ketones. 

EXAMPLE 101 

3-Bromo-23-0-methvl-25-cvclohexvl avar m ectin B? anri its monosacchaririA 
The crude ketones from the previous Example were dissolved in methanol (50 ml), 
and sodium borohydride (50 mg) added. Reaction was complete after 10 
minutes. After addition of aqueous citric acid, the reaction was worked up as in 
Example 48. The crude product was purified by reverse-phase hplc, eluting with 
methanohwater 88:12. The monosaccharide product eluted first, followed by the 
disaccharide. Both were characterized by nmr and mass spectroscopy. 

EXAMPLE 102 

3-Methyl-23-Q-methvl-25-cvclohexvl ava r mectin B2 5-A/.A/-dimQthvlhy rir a7 nn ft 
The bromo-hydrazone from Example 99 (300 mg) was dissolved in 
dimethylformamide (25 ml) and tetramethyltin (2 ml) and 
fefra/os(triphenylphosphine)palladium(0) (20 mg) added. This mixture was stirred 
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under nitrogen at SCPc overnight. Solvents were removed in vacuo, and the 
residue extracted with ether. The organic phase was washed with water and brine 
5 and dried (MgS0 4 ), and evaporated to give a yellow solid. This was shown to be 
the title compound by nmr and mass spectroscopy. 

EXAMPLE 103 

3-Meth y i-5-keto-?3-Q-mPthvl ^ Q3-dihvdro.^-o y H.K qxvl avermftntin R1 ^ jtg 
10 monosaccharide 

The 3-methyl hydrazone from the previous Example (100 mg) was dissolved in 
glacal acetic acid (10 ml) and a saturated aqueous solution of copper(H) acetate 
(2 ml) added. The mixture was stirred at room temperature for 24 hours, then 
heated to 40O C for 20 hours. The solvents were then removed under vacuum the 
is res,due partitioned between ether and water, the ether solution neutralized with 
aqueous sodium bicarbonate soluition. The organic phase was washed with 
water and brine, dried (MgS0 4 ) and evaporated to give the crude ketones as a 
mixture. 



20 EXAMPLE 104 

3-Methyl-23-Q-mPthyl-99 23 rtihvdro-25-r.vHnho^, avermftnfin Ri QnH ife . 
monosaccharide 

The crude ketones from the previous Example were dissolved in methanol (20 ml) 
and excess sodium borohydride (50 mg) added. The reaction was worked up as ' 
25 ,n Example 48. The crude product was purified by reverse-phase hplc, eluting 
w,th methanolrwater 85:15. The monosaccharide eluted first, followed by the 
disaccharide. Each compound was characterized by nmr and mass spectroscopy 
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EXAMPLE 105 

3-A[iyl-22,23-dihvdro-25-Rvclohexvl ax/ar m ectin B1 5-A/ /V-dimethvlhyrir^nng 
The bromo-hydrazone from Example 99 (300 mg) was dissolved in 
dimethylformamide (14 ml) and allyl-tri-/?-butyltin (1.25 ml) and 
tefra/c/s(triphenylphosphine)palladium(0) (25 mg) added. This mixture was stirred 
under nitrogen at 100<>c for 4 hours, then solvents were removed in vacuo, and 
the residue extracted with ether (50 ml). The organic phase was washed with 
water and brine and dried (MgS0 4 ). and evaporated to give an oil. This was 
chromatographed over silica gel (50 g), eluting with ether:hexane 2:1. The 
fractions containing product were pooled and evaporated to give the title 
compound as a pale yellow solid, which was characterized by nmr and mass 
spectroscopy. 

EXAMPLE 106 

3-Allvl-22.23-dihvdrn-9fi- o VC |ohexvl ax/ermectin R1 fi-nvim* 
The 3-allyl hydrazone from the previous Example (80 mg) was converted to the 5- 
oxime derivative by the method of Example 22. The crude product was purified by 
reverse-phase hplc on a 1" Microsorb (TM) ODS column, eluting with 
methanoliwater 95:5 at 20 ml/min. The product eluted at 18 - 20 minutes, and 
was characterized by nmr and mass spectroscopy. 
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EXAMPLE 107 

3-A[|yl-22,23-dihvdrn-25-cvcloheyx/ | avermectin B1 monosaccharide 5-oxime 
5 The product from the previous Example (50 mg) was hydrolysed to the 

monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc on a 1" Microsorb (TM) ODS 
column, eluting with methanol.water 90:10 for 10 minutes, then methanolrwater 
95:5 at 18 ml/min. The product eluted at 27 - 31 minutes, and was characterized 
10 by nmr and mass spectroscopy. 



EXAMPLE 108 

3-AII V l-5-keto-7? ?3-rtihvdro-os cvcloh.wl ^ rma ^ n B1 anfi itfi mnnncs) „ hQr; ^ 
The 3-allyl hydrazone from Example 105 (130 mg) was dissolved in glacial acetic 

15 acid (20 ml) and a saturated aqueous solution of copper(ll) acetate (10 ml) added. 
The mixture was stirred and heated to 40OC for 24 hours, then at room 
temperature for 72 hours. The mixture was then re- heated to 40O C for a further 
24 hours,The solvents were then removed under vacuum, the residue partitioned 
between ether and water, the ether solution neutralized with aqueous sodium 

20 bicarbonate solution. The organic phase was washed with water and brine, dried 
(MgS0 4 ) and evaporated to give crude ketones as a mixture. 

EXAMPLE 109 

S-Allyl^^S-dihvdro^^-cvcloheyvl auftrmectin R1 anri » s monQsanrhflriHo 
25 The crude ketones from the previous Example were dissolved in methanol (1 5 ml), 
and excess sodium borohydride added. The reaction was worked up as in 
Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) column, eluting with methanol:water 90:10 at 20 ml/min. The 
monosaccharide eluted at 25 - 28 minutes, and the disaccharide at 38 - 43 
30 minutes. Both materials were characterized by nmr and mass spectroscopy. 
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EXAMPLE 110 

3-Methoxvmethvl-PP pa- riihvdro-25-cvr.lohexvl avermectin B1 5-A/ A/- 
dimethvlhvdrazone 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-A/,A/-dimethylhydrazone 
(from Example 69) (150 mg) was heated with tri-n-butyl-methoxymethyl-stannane 
(1 ml) in dimethylformamide (5 ml) at 80°C, with 

fefra/c/s(triphenylphos P hine)palladium(0) (10 mg) for 4 hours. The reaction was 
evaporated to a black oil. This was chromatographed on silica gel and eluted 
ethenhexane 1:1. The product was further purified by reverse-phase hplc eluting 
with methanolrwater 95:5. Fractions containing product were pooled and 
evaporated to give the title compound. The product was characterized by nmr 
and mass spectroscopy. 

EXAMPLE 111 

3-Methoxvmethvl-5-ketn- ?2.23-dihvrim-25-cvcloh^ 
monosaccharide 

The hydrazone from the previous Example (60 mg) was dissolved in glacial acetic 
acid (7 ml) and a saturated aqueous solution of copper(ll) acetate (1.4 ml) added. 
The mixture was stirred and heated to 40O C for 20 hours. The solvents were 
then removed under vacuum, the residue partitioned between ether and water, the 
ether solution neutralized with aqueous sodium bicarbonate solution. The organic 
Phase was washed with water and brine, dried (MgS0 4 ) and evaporated to give 
crude ketone as a yellow solid. 
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EXAMPLE 112 

3-Methoxymethyl-?? 23-dihvdr 0 -?fi- ovclohexvl avgrmectin B1 and jts 
5 monosaccharide 

The crude ketones from the previous Example were dissolved in methanol (10 ml), 
and excess sodium borohydride (10 mg) added. The reaction was worked up as ' 
in Example 48. The crude product was purified by reverse-phase hplc, eluting 
with methanolrwater 85:15. The 3-methoxymethylmonosaccharide eluted first, 
io followed by the 3-methoxymethyldisaccharide. The two products were 
characterized by nmr and mass spectroscopy. 

EXAMPLE 113 

3-Ethvnyl-2? ?3-rtihvdro-95-cvd 0 h e wl ^rmsctin R1.S.A/ /y^imethvlhvrir^nno 
15 This was prepared from the 3-bromo-hydrazone from Example 69 and tri-/j-butyl- 
ethynylstannane, using the method of Example 38. 

EXAMPLE 114 

3-(1-Acetoxvvinvl)-?? ?3-dihvdr Q -2S-r V dohexvl avsrmgctin B1-5-A7 AJ- 
20 dimethvlhvriraynng 

The 3-ethynyl-hydrazone from the previous Example (70 mg) was dissolved in a 
mixture of glacial acetic acid (5 ml), water (2 ml), tetrahydrofuran (2 ml) and 
sodium acetate (1 g). The mixture was stirred at room temperature for 3 hours. 
The reaction was poured into water (200 ml) and the product isolated by 
25 extraction with ethyl acetate. The extracts were washed with water, then brine, 
dried (MgS0 4 ) and evaporated to a yellow solid. The title product thus obtained 

was characterized by nmr and mass spectroscopy, and used directly in the next 
step. 
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EXAMPLE 115 

S-n-AcetoxwinvlVP^^ S-dihvdro^S-cvcloheyvl avermectin B1-S-nrim* 
The hydrazone from the previous Example (80 mg) was dissolved in a mixture of 
methanol (12 ml) and dioxan (12 ml), and treated with a solution of 
hydroxylammonium chloride (500 mg) in water (6 ml). After 20 hours, the mixture 
was worked up as in Example 22. The crude product was purified by reverse- 
phase hplc on a 1" Dynamax (TM) ODS column, eluting with methanohwater 
90:10 at 20 ml/min. Pooling and evaporation of appropriate fractions gave the title 
oxime, characterized by nmr and mass spectroscopy. 

EXAMPLE 116 

S-fl-EthoxyvinvD^^S-dihvdro^S-cvclnh Q xvl avermeriin R1 K-M a/_ 
dimethvlhydraynnft 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-/V,A/-dimethylhydrazone 
(from Example 69) (200 mg) was heated with tri-n-butyl-(1-ethoxyvinyl)-stannane 
(1 ml) in dimethylformamide (8 ml) at 80°C, with 

fefra/os(triphenylphosphine)palladium(0) (20 mg) for 4 hours. The reaction was 
evaporated to a black oil. This was chromatographed on silica gel and eluted 
ethenhexane 3:2. Fractions containing product were pooled and evaporated to 
give the title olefin as a yellow solid. The product was characterized by nmr and 
mass spectroscopy. 

EXAMPLE 117 

3-Acetyl-22.23-dihvdro-2 5-cvclohexvl avermectin R1 fi-nvimn 

The hydrazone from the previous Example (80 mg) was converted to the 5-oxime 

derivative by the method of Example 22. The crude product was purified by 

reverse-phase hplc. The product was characterized by nmr and mass 

spectroscopy. 
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EXAMPLE 118 



3-Acetyl-22,23-rtihvrtro-95-cvcloh e wl a v» rm ec tin R1 mnno Saccha ridP fi-nvimo 
5 The product from the previous Example (1 50 mg) was hydrolysed to the 

monosaccharide using the sulphuric acid/isopropanol method of Example 55. The 
crude product was purified by reverse-phase hplc, eluting with methanolrwater 
95:5. The title compound was characterized by nmr and mass spectroscopy. 

10 EXAMPLE 119 

3-f1-Ethoxyviny|)-5-kf>to-o?.23-dih V rirn-9 ^ C | ohewl awarmo „ tin p . 
The 3-ethoxyvinyl hydrazone from Example 1 16 (50 mg) was dissolved in 
dimethylformamide (5 ml), cooled to -42°c. m-Chloroperbenzoic acid (30 mg) 
was added, and the reaction warmd to -50 C over 1 hour. The reaction was 

is quenched in saturated aqueous sodium bicarbonate solution, extracted with ethyl 
acetate, washed with brine, dried (MgS0 4 ) and evaporated to give the product 
ketone as an orange oil. 



20 



EXAMPLE 120 

3-(1-Ethoxyvinyl)-?? ^-dihvdr Q -?S-r. Y ri 0 hexvl avgrmpnfin ri 
The crude ketone from the previous Example was dissolved in methanol (10 ml) 
and excess sodium borohydride (20 mg) added. The reaction was worked up as 
in Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) ODS column, eluting with methanol.wateracetonitrile 13:10:77 at 
25 20 ml/min. The product obtained by pooling and evaporation of appropriate 
fractions was characterized by nmr and mass spectroscopy. 
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EXAMPLE 121 

3-(1-Ethoxyvinyl)-22,23-dihvdro-25-cvcln h exvl averm^ctin B1 monosaccharide 5- 
/V./V-dimethvlhvdrazonft 

3-lodo-22,23-dihydro-25-cyclohexyl avermectin B1 monosaccharide 5-N.N- 
dimethylhydrazone (from Example 19) (200 mg) was heated with tri-n-butyl-(1- 
ethoxyvinyl)-stannane (1 ml) in dimethylformamide (10 ml) at 80°C, with 
fefra/f/s(tri P henylphosphine)palladium(0) (20 mg) for 4 hours. The reaction was 
evaporated to a black oil. This was chromatographed on silica gel and eluted 
ethenhexane 3:2. Fractions containing product were pooled and evaporated to 
give the title olefin as a yellow solid. The product was characterized by nmr and 
mass spectroscopy. 
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EXAMPLE 122 

S-fl-EthoxyvinyD-S-keto^ ^-rtihvdrQ-Pfi-rY ^i^h exvl avermgrtin ri 
5 monosaccharide 

The 3-ethoxyvinyl hydrazone from Example 121 (50 mg) was dissolved in 
dimethylformamide (5 ml), cooled to -420 C . m-Chloroperbenzoic acid (30 mg) 
was added, and the reaction warmed to -1 0 o C for 3 hours. The reaction was 
quenched in aqueous sodium metabisulphite, and saturated aqueous sodium 
) bicarbonate solution, extracted with ethyl acetate, washed with brine, dried 
(MgS0 4 ) and evaporated to give the product ketone as an yellow oil. 

EXAMPLE 123 

■ 3-Acet Y l-22 l ?3-dihydro-?5-r.vdohexvl avprm^.n m onosa ^ flriHo 
The crude ketone from the previous Example was dissolved in methanol (10 ml) 
and excess sodium borohydride (20 mg) added. The reaction was worked up as 
in Example 48. The crude product was purified by reverse-phase hplc on a 1" 
M,crosorb (TM) ODS column, eluting with methanol:water:acetonitrile 13-10-77 at 

20 ml/min. The product obtained by pooling and evaporation of appropriate 

fract.ons was characterized by nmr and mass spectroscopy. 

EXAMPLE 124 

S -d-Methoxycarhonylvinvl)-?? ?3-dihvdr Q -P^H»h^ , avermftrtin Ri ^ A/ 
dimethvlh ydrazone " 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-/V,/V-dimethylhydrazone 
(from Example 69) (150 mg) was heated with tri-n-butyl-(l-methoxycarbonylvinyl)- 
stannane (1 ml) in dimethylformamide (5 ml) at 80°C, with 
fefra/c/s(tri P henylphosphine)palladium(0) (20 mg) for 2 hours. The reaction was 
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evaporated to a black oil. This was chromatographed on silica gel and eluted 
ether: hexane 7:3. Fractions containing product were pooled and evaporated to 
give the title olefin as a yellow solid. The product was characterized by nmr and 
mass spectroscopy. 

EXAMPLE 125 

3-(1 -Methoxycarbonvlvinvn-5-keto-22.23 - dihvdro-25-cvclohexvl avermfir.tin R1 
and its monosaccharide 

The 3-vinyl hydrazone from the previous Example (70 mg) was dissolved in 
glacial acetic acid (7 ml) and a saturated aqueous solution of copper(ll) acetate 
(1.4 ml) added. The mixture was stirred and heated to 40<>C for 20 hours. The 
solvents were then removed under vacuum, the residue partitioned between ether 
and water, the ether solution neutralized with aqueous sodium bicarbonate 
solution. The organic phase was washed with water and brine, dried (MgS0 4 ) 
and evaporated to give crude ketone as a yellow oil. 

EXAMPLE 126 

3-(1-Methoxycarbonvlvinvn-22.23-dihvdro-2 5 -cvclohexvl avermectin B1 and its 
monosaccharide, and 3-M -Methoxvcarbon V l e thvn-22.23-dihvdro-25-cvcloh e wi 
avermecti n B1 and its monosaccharide 

The crude ketones from the previous Example were dissolved in methanol (10 ml), 
and excess sodium borohydride (20 mg) added. The reaction was worked up as 
in Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) ODS column, eluting with methanol:water 85:15. The 3-(1- 
methoxycarbonylvinyl)monosaccharide eluted first, then the 3-(1- 
methoxycarbonylethyl)monosaccharide, followed by the 3-(1- 
methoxycarbonylvinyl)disaccharide, and the 3-(1- 

methoxycarbonylethyl)disaccharide. All four products were characterized by nmr 
and mass spectroscopy. 
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EXAMPLE 127 

3-f2-M6thoxvcarhnnY ) v invl^-22.23-dihvdro-7fi- 
dimethvlhvdrazorm 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-/V,/V-dimethylhydrazone 
(from Example 69) (150 mg) was heated with trl-n-butyl-d-methoxycarbonylvinyl)- 
stannane (1.5 ml) in dimethylformamide (5 ml) at 80°C, with 
tefra/c/s(triphenylphosphine) P alladium(0) (20 mg) for 2 hours. The reaction was 
evaporated to a black oil. This was chromatographed on silica gel and eluted 
ethenhexane 7:3. Fractions containing product were pooled and evaporated to 
give the title olefin as a yellow solid. The product was characterized by nmr and 
mass spectroscopy. 



15 



20 



Jihvdro-25-cvclohftvYi avermectin R1 



EXAMPLE 128 

3-f2-Methoxvcarbr>n y|yinvn-5-kfttn-?9 0': 
and its monosaccharide 

The 3-vinyl hydrazone from Example 127 (70 mg) was dissolved in glacial acetic 
acd (7 ml) and a saturated aqueous solution of copper(ll) acetate (1 .4 ml) added. 
The mixture was stirred and heated to 40O C for 20 hours. The solvents were 
then removed under vacuum, the residue partitioned between ether and water the 
ether solution neutralized with aqueous sodium bicarbonate solution. The organic 
Phase was washed with water and brine, dried (MgS0 4 ) and evaporated to give 
crude ketones as a yellow oil. 



25 
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EXAMPLE 129 

3-(2-Methoxvcarbon V lx/inyl)- 7 2.23-dihvdr 0 -?5-cvcloh e yvl gyermectin B1 
• monosaccharide 

The crude ketones from the previous Example were dissolved in methanol (10 ml), 
and excess sodium borohydr.de (20 mg) added. The reaction was worked up as ' 
in Example 48. To complete the hydrolysis, the sulphuric acid/isopropanol 
method of Example 55 was employed. The crude product was purified by 
reverse-phase hplc, eluting with methanol.water 85:15. The product was 
characterized by nmr and mass spectroscopy. 

EXAMPLE 130 
HHfcButykti^^ 

B1 S-WAZ -dimethYlhy rlra™^ 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-^/V-dimethylhydrazone 
(from Example 69) (150 mg) was heated with tri-/j-butyl-[l-(f-butyl- 
dimethylsilyloxymethyl)vinyl]-stannane (1 ml) in dimethylformamide (5 ml) at 
80OC, with tefra/c/s(triphenylphosphine)palladium(0) (20 mg) for 2 hours. The 
reaction was evaporated to a black oil. This was chromatographed on silica gel 
and eluted ethenhexane 7:3. Fractions containing product were pooled and 
evaporated to give the title olefin as a yellow solid. The product was 
characterized by nmr and mass spectroscopy. 

EXAMPLE 131 

3-ri-(HydroxYmethvl)oxiran^^ R1 
The 3-vinyl hydrazone from the previous Example (70 mg) was dissolved in 
dimethylformamide (5 ml), cooled to -420 C . m-Chloroperbenzoic acid (40 mg) 
was added, and the reaction warmed to -10OC for 1.5 hours. The reaction was 
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quenched in aqueous sodium metabisulphite, and saturated aqueous sodium 
bicarbonate solution, extracted with ethyl acetate, washed with brine, dried 
5 (MgS0 4 ) and evaporated to give the product ketone as an yellow oil. 

EXAMPLE 132 

3-P -(Hydroxymethvl)oyirRn>^-22.23-riih V Hr^ 5-cvclohPVY i a^ermectjrj B1 
The crude ketone from the previous Example was dissolved in methanol (10 ml) 
io and excess sodiumborohydr.de (20 mg) added. The reaction was worked up as 
in Example 48. The crude product was purified by reverse-phase hplc, eluting 
with methanolrwater 90:10. The product was characterized by nmr and mass 
spectroscopy. 



yclohexvl ayermectin R1 5-N.N- 



15 EXAMPLE 133 

3-(1-Cvannx/in V l)-Q 2.23-dihy rirn-9f;- 
dimethvlhy rlrflynnQ 

3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-/V,/V-dimethylhydrazone 
(from Example 69) (200 mg) was heated with tri-n-buty«-(l^yanovinyl)-stannane 
20 (1 ml) in dimethylformamide (10 ml) at 80°c, with 

tefra/c/s(triphenyiphos P hine)palladium(0) (20 mg) for 4 hours. The reaction was 
evaporated to a black oil. This was chromatographed on silica gel and eluted 
ethenhexane 7:3. Fractions containing product were pooled and evaporated to 
give the title olefin. The product was characterized by nmr and mass 
spectroscopy. 



25 



EXAMPLE 134 

3-(1-Cyanovinyl)-S-keto-90 ^ dihvdro-2^H»h^ „ avermerfin R1 gnrf ; fg 
monosaccharide 

30 The 3-vinyl hydrazone from the previous Example (70 mg) was dissolved in 

glacial acetic acid (8 ml) and a saturated aqueous solution of copper(ll) acetate (2 
ml) added. The mixture was stirred at room temperature for 24 hours, then heated 
to 40O C for 12 hours, then was stirred at room temperature for 48 hours. The 
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solvents were then removed under vacuum, the residue partitioned between ether 
and water, the ether solution neutralized with aqueous sodium bicarbonate 
5 solution. The organic phase was washed with water and brine, dried (MgS0 4 ) 
and evaporated to give crude ketone as a yellow solid. 

EXAMPLE 135 

3-(1-Cyanovinyl)-?? 93-dihvdro-25-rvHnh 0 vy , averm^in B1 «nH 
10 monosaccharide 

The crude ketones from the previous Example were dissolved in methanol (10 ml) 
and excess sodium borohydride (10 mg) added. The reaction was worked up as ' 
m Example 48. The crude product was purified by reverse-phase hplc on a 1" 
Microsorb (TM) column, eluting with methanol:water 85:15. The 3-(1- 
15 cyanovinyDmonosaccharide eluted first, then the 3-(1-cyanovinyl)disaccharide 
The products were characterized by nmr and mass spectroscopy. 

EXAMPLE 136 

g-Phenyl-2? ?3-dihydro-^ rvrlohexvl a^m^in ^m^MMM ***^ 
20 3-Bromo-22,23-dihydro-25-cyclohexyl avermectin B1 5-/V,N-dimethylhydrazone 
(from Example 69) (300 mg) was heated with tri-n-butyl-phenyl-stannane (0.5 ml) 
in dimethylformamide (7 ml) at 100°C, with 

fefraA/s(triphenylphosphine) P alladium(0) (60 mg) for 3 hours. The reaction was 
poured into water, and extracted with ether (2 x 100 ml), the extracts washed with 
25 water and brine, dried and evaporated to give a gum. This was chromatographed 
on s.lica gel (90 g), and eluted dichloromethanerether 3:1. The fractions 
containing the product were pooled and evaporated. The product was 
characterized by nmr and mass spectroscopy. 
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EXAMPLE 137 

3-Phenyl-5-keto-2? ?3-dihvdro-2S-r. V clohexvl avprmectin B1. and jts 
5 monosaccharide derivativp 

The hydrazone from the previous Example (60 mg) was dissolved in glacial acetic 
acid (5 ml) and saturated aqueous copper(ll) acetate (2 ml) added. The mixture 
was stirred at room temerature overnight, then at 40°C for 24 hours. The reaction 
was worked up as in Example 55, and the product - a mixture of the title 
l o compounds - was used directly in the next step. 

EXAMPLE 138 

3-Phenyl-22,23-dihvdro-9S-cvcl 0 h e wl a^rm ectin B1 and it. rnonosaccharida 
derivative 

15 The mixture of ketones from Example 1 39 was dissolved in methanol (5 ml), and 
treated with sodium borohydride (20 mg). The mixture was stood at room 
temperature for 20 minutes. Workup as in Example 48 gave crude products, 
chromatographed on silica gel (10 g), eluting with dichloromethane: ether 2:1. 
The fractions containing avermectins were further purified by reverse-phase hplc 

20 on a 1 1 Microsorb (TM) column, eluting with methanol.water 90:10 at 20 ml/min. 
The title monosaccharide eluted first at 23.1 minutes, followed by the title 
disaccharide at 37 minutes. They were characterized by nmr and mass 
spectroscopy. 



25 



30 



/clohexvl avermectin R1 monosaccharide 5-A/ N- 



EXAMPLE 139 

-Chloro-22.23-dihydrn-9.' 
dimethvlhvdrazone 

22,23-Dihydro-25-cyclohexyl avermectin B1 monosaccharide 5-N.N- 
dimethylhydrazone, made by the method of Preparation A (2.8g) was dissolved in 
acetonitrile (70 ml) kept at between -150° and -10° To this solution was added 
dropwise with stirring over a period of 20 minutes, a solution of N- 
chlorobenzotriazole (600 mg) in acetonitrile (1 0 ml). The mixture was kept at -1 0° 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



-71 - 

for 1 hour then diluted with ether (150 ml), washed with 2% w/v sodium bisulphite 
solution (50 ml), water (50 ml), and brine (50 ml) and dried (MgS0 4 ). Evaporation 
gave a foam which was chromatographed over silica gel (125 g) and eluted with 
ethenhexane 1:2. Appropriate fractions were collected and pooled, and 
evaporated to give the title product (1 .4 g). 

EXAMPLE 140 

3-Chloro-5-keto-22,23-dihvdro-?5-cv C | 0 h ft wl a ^ e ctin B1 mnnn^horiH. 
The 3-chloro-hydrazone made by the method of the previous Example (2.75 g) 
was dissolved in glacial acetic acid (150 ml) and to this was added a saturated 
aqueous solution of copper (II) acetate (60 ml). The mixture was maintained at a 
temperature of 40° for 24 hours, then the solvents removed by rotary evaporation. 
The residue was suspended in water (150 ml) and extracted twice with ether (2 x 
150 ml). The combined ether extracts were washed twice with saturated aqueous 
sodium bicarbonate solution (2 x 100 ml), brine (100 ml), dried (MgS0 4 ) and 
evaporated to give a foam. 



SUBSTITUTE SHEET (RULE 26) 



WO 95/22552 



PCT/EP95/00383 



-72- 

Claims 

1 . A compound of formula (I): 

5 




(I) 

wherein the broken lines represent independently optional bonds, and R* being 
absent when the C22 -C 23 double bond is present, R\ tf. r* are independently H 
OH, halo, oxo, oximino, or an organic radical, R« and R s are organic radicals R 3 'is 
H or an organic radical, 

A is OH, halo, CrC alkoxy, C,-C 9 alkanoyloxy, oxo, or oximino optionally 
substituted by a Cl -C 8 a.kyl, a.kenyl, alkynyl, aryl, trialkylsilyl, aralkyt CrC 
alkanoyl group or other group capable of being hydrolysed jnyjyo to the oxime or 
hydrazono optionally substituted by at least one CrC. alkyl, alkenyl, alkynyl aryl 
tna.ky.sily., aralkyl, C 2 -C 9 a.koxycarbonyl, carbamoyl, thiocarbamoyi, aroy, or Cl - ' 
C 9 alkanoyl group, 

B is halo, C-c, alkyl, C 2 -C 8 alkenyl, C 2 -C 8 alkynyl, aryl, heteroaryl, CrC 
alkanoyl, Cl -C e alkoxy, Cl -C 9 alkanoyloxy, C 2 -C 9 alkoxycarbonyl, carboxy 
arylcarbonyl, heteroaryl-carbonyl, mercapto, alkylthio, alkenylthio, arylthio 
alkanoy.thio, heteroarylthio, nitro, ha.oa.kyl such as trifluoromethyl, hydroxya.kyl 
alkoxyalkyl, mercaptoa.ky., alkylthio-alky., aminoalkyl optionally N-mono- or * 
^.substituted by CrC a. M . C-C. a.kenyl, C t -C 8 a.kyny., Cl -C 8 a.kanoy., a^l 
heteroary., C 2 -C 8 alkoxycarbonyl, carboxy, arylcarbonyl, or by heteroarylcarbonyl 
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or B is hydroseleno, alkylseleno, arylseleno, heteroarylseleno, azido or B is cyclic 
ether group having up to 8 carbon atoms, said group optionally being substituted 
by at least one substituent selected from cyano, d-d alkoxy, d-d hydroxyalkyl, 
0,-09 alkoxycarbonyl, aminocarbonyl, d-d alkanoyl, arylcarbonyl, 
heteroarylcarbonyl, halo, haloalkyl and trialkylsilyloxyalkyl. 
2. A compound according to claim 1 , in which R 2 is H, OH, d-d alkoxy 
optionally substituted by halo or by d-d alkoxy, C 2 -C 5 alkanoyl, d-d alkoxy 
carbonyl, carboxy, mercapto or by aryl, or R 2 is C 3 -C 8 alkenyloxy, C 2 -C 9 
alkenylcarbonyloxy, arylcarbonyl or carbamoyl optionally substituted by a d-d 
alkyl group, or R 2 is attached to the remainder of the molecule by a double bond 
and is oxo or oximino optionally O-substituted by a Cl -C 8 alkyl, alkenyl, alkynyl, 
tnalkylsilyl, aryl or aralkyl group, or is methylene optionally substituted by a cyano 
or d-d alkyl group and R* is H, OH or d-d alkoxy or d-d alkanoyloxy, or is 
attached to the remainder of the molecule by a double bond and is =CH 2 , oxo or 
oximino optionally substituted for R 2 as above. 

3. A compound according to claim 1 or 2 in which R 4 is (a) an alpha-branched 
d-d alkyl or d-d alkenyl (including but-2-enyl, pent-2-enyl, and 4-methylpent- 
2-enyl), alkoxy-alkyl, or alkylthioalkyl group; an alpha-branched d-d alkynyl 
group; a (d-d) cycloalkylalkyl group wherein the alkyl group is an alpha- 
branched d-d alkyl group; a d-d cycloalkyl or d-d cycloalkenyl group, 
either of which may optionally by substituted by methylene or one or more d-d 
alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated, or fully or partially unsaturated and 
which may optionally be substituted by one or more d-d alkyl groups or halo 
atoms; or 

(b) a group of the formula -CH 2 R 8 wherein R 8 is H, d-d alkyl, d-d 
alkenyl, d-d alkynyl, alkoxyalky or alkylthioalkyl containing from 1 to 6 carbon 
atoms in each alkyl or alkoxy group, wherein any of said alkyl, alkoxy, alkenyl or 
alkynyl groups may be substituted by one or more halo atoms; or a d-d 
cycloalkyl or d-d cycloalkenyl group, either of which may optionally be 
substituted by methylene or one or more d-d alkyl groups or halo atoms; or a 3 
to 6 membered oxygen or sulphur containing heterocyclic ring which may be 
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saturated, or partially unsaturated and which may optionally be substituted by one 
or more C,-C 4 alkyl groups or halo atoms; or a group of the formula SR S wherein 
5 R «s Cl -Ce alkyl, C 2 -C 8 alkenyl, C 3 -C 8 alkynyl, C 3 -C 8 cycloalkyl, C 5 -C 8 

cycloalkenyl, phenyl or substituted phenyl wherein the substituent is C,-C 4 alkyl 

alkoxy or halo; or a 3 to 6 membered oxygen or sulphur containing 
heterocylic ring which may be saturated, or fully or partially unsaturated and which 
may optionally be substituted by one or more C,-C 4 a.ky. groups or halo atoms; or 

(c) a Cl -C 8 alkyl group substituted by one oxo or one or more hydroxy 
groups or by a single oxygen atom on two adjacent carbon atoms forming an 
ox,rane ring, or R< is a Cl -C 5 alky, group substituted by a (C-Ce) alkoxy-carbony, 
group, said substituents on R 2 being attached to either or both of a terminal 
carbon 

atom and a carbon atom adjacent a terminal carbon atom of R*; or (d) = CH 2 or a 
group of the formula: wi 2 ora 

RIO 

(X)CHR» 

« R- and R« are both H; R- „ „ and r, is ^ a|ky| „ „ Qf R<0 ^ 

" " and ° ther ,s phen >"' hetero ^y'. CrC alkoxycarbonyl or substituted 
Phenyl or heteroaryl wherein said substituent is fluorine, chlorine, C,-C alkyl C,- 
C. alkoxy, CrC. alkylthio, hydroxy (C,C, alkyl, cyano, aminosulphonyl, Cj-Ce 
alkanoyl, C-C alkoxyoarbonyl, ni.ro, trifluoromethyl, trifluoromethoxy, amino or 
mono or di (C,-C«) alkylamino; and X is a direct bond or is an alkylene group 
hav,ng from 2 to 6 carbon atoms which may be straight or branched-chain- or to) 
Phenyl which may optionally be substituted with at leas, one substituent selected 
from CrC, alkyl, C,-C, alkylthio groups, halo atoms, trifluoromethyl, and cyano- 
orR may be a group of formula (II): 




^bA^)/ 
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wherein 2 is O, S or -CH 2 - and a, b, c and d may each independently be 1 , 1 or 2; 
the sum of a, b, c and d not exceeding 5. 

4. A compound according to claim 1 , 2 or 3 in which R 6 is hydrogen, halogen, 
hydroxy, d-d alkoxy or alkenoxy, C,-C 9 alkanoyloxy or alkenoyloxy, aroyloxy, 
oxymethyleneoxy- (d-C 5 ) alkyloxy- (d-C 5 ) alky!, d-d alkoxyalkoxy, halogen,' 
oxo, or optionally 

substituted oximino, hydrazono, carbazido or semicarbazido, N- (d-d) alkyl 
semicarbazido, N.N-di(d-d) alkylsemicarbazido, d-C 5 alkanoylhydrazido, 
benzoylhydrazido or (d-d) alkyl benzoylhydrazido; or R 6 is a group capable of 
being hydrolysed in vivo to give OH; or R 6 is 




where R 7 is H, halo, OH, (d-C 8 )alkoxy, (d-C 8 )alkanoyloxy or alkenoyloxy, 
aroyloxy, amino, N-(d-C 8 )alkylamino, N, N-di (d-C 8 ) alkylamino, 
N-(d-C 5 )alkanoylamino, oxo or oximino (optionally substituted), semicarbazido, 
N-(d-C 4 ) alkylsemicarbazido, N,N-d: (d-d) alkylsemicarbazido, d-d 
alkanoylhydrazido, benzoylhydrazido, or (d-d) alkylbenzoylhydrazido, or R 7 is a 
group capable of being hydrolysed in vivo to give -OH. 

5. A compound according to any one of claim 1 -4 in which R s is methyl, 
hydroxymethyl, (d-d alkoxy)methyl, (d-d alkanoyl) oxymethyl, (C 2 -d 
alkenoyl)oxymethyl, aroyloxymethyl, aralkanoyloxymethyl, formyl, optionally 
substituted oximino, halomethyl, azidomethyl or cyanomethyl. 

6. A compound according to any one of the preceding claims in which the C^- 
C23 double bond is present or absent and R 2 is H, OH, O- (d-d) alkyl, O- (d-d) 
alkanoyl, oxo or oximino optionally substituted by d-C 4 alkyl or aryl (d-d) alkyl; 
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R 4 is straight or branched-chain alkyl, alkenyl, cycloalkyl or cycloalkenyl (including 
methyl, ethyl, 2-propyl, 2-butyl, 2-buten-2-yl, 2-penten-2-yl, 4-methyl-2-penten-2- 
5 yl and cyclohexyl); R 1 is H, OH, oxo or oximino; and R 6 is H or is of formula- 




O — or 

H 3 CO 




where R 7 is OH, ( Cl -C 4 ) alkoxy, (C 2 -C 5 ) alkanoyloxy, amino, N-( Cl -C 4 ) alkylamino, 
N-( d-Cs) alkanoylamino, oxo or oximino optionally substituted by a C,-C 4 alkyl 
group. 

7. A compound according to any preceding claim, in which B is halo, alkyl, 
alkoxyalkyl, acyloxyalkenyl or acyl. 

8. A compound according to claim 1 , in which R 1 is H and R 2 is H, OH or 
methoxy and the C^-C* double bond is absent, or in which the C^C* double 
bond is present, and R 3 and R 5 are methyl. 

9. A compound according to claim 8, in which A is H, OH or oximino. 

1 0. A compound according to claim 9, in which R 6 is H, fluoro, oleandrosyl- or 
oleandrosyl-oleandrosyloxy or methoxymethoxy. 

11. A compound according to claim 1 0, where B is CI, Br or I. 

12. A compound according to claim 1 1 , where B is CI or Br, and R 4 is branched 
alkyl, alkenyl, cycloalkyl or cycloalkenyl (including 2-propyl, 2-butyl, 2-butenyl, 2- 
pentenyl, 4-methyl-2-penten-2-yl and cyclohexyl). 

1 3. Any one of the compounds defined in the foregoing Examples. 

14. A pharmaceutical or veterinary composition, comprising a compound 
according to any preceding claim and a pharmaceutical^ acceptable carrier or 
excipient. 

1 5. A compound according to any one of claims 1 to 1 3, for use in animal or 
human medicine. 
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16. 



15 



A compound according to any one of claims 1 to 13, for use as an 
antiparasitic agent. 

i 1 7. Use of a compound according to any one of claims 1 to 1 3, for making a 
medicament for treatment or prophylaxis of flea infestations. 
18. A method of making a compound according to any one of claims 1 to 13, 
which comprises: 

(a) allowing a compound of formula (I) but in which B is H and A is = O 
to react with hydrazine optionally substituted by at least one Cl -C 8 alkyl, alkenyl 
aryl, trialkylsilyl, aralkyl, C,-C 9 alkoxycarbonyl, carbamoyl, 
thiocarbamoyl, aroyl or Cl -C 9 alkanoyl group to yield a compound of formula (I) in 
which A is optionally substituted hydrazono, 

(b) allowing the hydrazone so obtained to react with a source of 
etectrophilic species E® where E® is CI®, Br*, I®, N0 2 ®, ArS® or ArSe® where Ar is 
an aryl group or E® is an iminium ion to yield a compound of formula (I) in which B 
•s CI, Br, I, N0 2 , ArS, ArSe or an optionally substituted aminoalkyl group 
respectively, 

(c) if desired, allowing the compound produced from (b) in which B is CI, 
Br or I to react with a stannane comprising an optionally substituted alkyl, alkenyl ' 
alkynyl, aryl or heterocyclic substituent, in the presence of a catalyst such as 
triphenylphosphine palladium, to give a compound of formula (I) in which B is an 
optionally substituted alkyl, alkenyl, alkynyl, aryl or heterocyclic substituent 
respectively, 

(d) if desired, allowing the compound produced from (b) in which B is CI, 
Br or I to react with an azide to produce a compound of formula (I) in which B is 
N 3 , 

(e) if desired, oxidising a compound from (c) in which B is alkenyl to 
produce a compound of formula (I) in which B is a cyclic ether group, 

30 (f) if desired • treating a compound from (b) in which B is ArS or ArSe 

with a thiol or hydroselenide other than ArSH or ArSeH to produce a compound of 
formula (I) in which B is a mercapto or hydro selenide group, and if desired 
allowing the product to react with an alkyl, alkenyl, aryl, alkanoyl or heteroaryl 
halide. 



20 



25 
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1 9. A method according to claim 1 8, in which said source of electrophilic 
species is N - chlorosuccinimide or N-chlorobenzotriazole when E® is CI®, N - 
iodosuccinimide when E® is I® or N - bromosuccinimide when E® is Br®, 
tetranitromethane when E® is N0 2 ®, dinitrophenylsulphenyl chloride when E® is 
ArS®, N-phenylselenophthalimide when E® is ArSe® or Me 2 NCH 2 CI when E® is an 
iminium ion. 

20. A method according to claim 1 8 or 1 9, in which the hydrazone of formula (I) 
produced is allowed to react with optionally O-substituted hydroxylamine to 
produce a compound in which A is an optionally O-substituted oxime. 

21 . A method according to claim 1 8 or 1 9, in which the hydrazone of formula (I) 
produced is hydrolysed to a compound of formula I in which A is =0, and if 
desired the compound obtained is reduced to a compound in which A is -OH. 

22. A method according to any one of claims 1 8 to 21 , in which a compound of 
formula (I) in which R 6 is 4*-(a-L oleandrosyl)-a-L-oleandrosyloxy is hydrolysed to 
a compound in which R 6 is -OH or a-L-oleandrosyloxy. 

23. A method according to any one of claims 1 8 to 22, in which a compound of 
formula (I) having a double bond between the 22 and 23 is reduced to a 
compound in which R 6 and R 2 are both H. 
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